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COLOUR IN RELATION TO CHEMICAL 
CONSTITUTION OP DYES DERIVED FROM 
HETERO CYCLIC NITROGEN CONTAINING 
DIBASIC ACIDS 

BY 

JAMUNA DATT TBWARI, 

Chemical Labor atory , University of Allahabad 

In the arrangement of groups given by Dutt (J. C. S., 
1927, 4 , 99) in order of mcreaaing absorptive power, C : N 
group bas been shown to be more absorptive than C : 0 
group. Table I shows a comparison of the absorption 
spectra of a few of the homocyclic as well as the 
^ corresponding hetero-cyclic-uitrogen containing compounds. 
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Tabu: I 


Name 

Absorption Spectra 

Benzene 

... 

2490 

Pyridine 

... 

2530 

Toluene 

... 

2500 

Picoline 

... 

2530 

m-Sylene ‘-. 

. .. 

2530 

1 : 3 Lutidene 

... 

2770 

Mesitylene 

... 

2570 

Collide ne .. 

... 

2830 

Naphthalene 

... 

2760 

Quinoline 

. 

2930 

Anthracene 

• • 

2950 

Acridine 

" 

3300 

A study of the above table 

shows 

that whenever 


there is a nitrogen atom in a ring eystem within a molecule 
the compound is invariably more coloured than the corre- 
sponding homocyclic compound containing carbon in place 
of nitrogen. Hence it was thought that a study of the 
dyes derived from heterocyclic dibasic acids together with 
the dyes obtained from corresponding carbo-cyolic acids 
would be of great interest from the point of colour in relation 
to chemical constitution. The dyes obtained from the 
following four groups of acids have been chosen for the 
study ; (1) Quinolinic, Cmchomeromc and Phthalic acids. 

(2) Phenylpyridinedicarboxyiic acid and diphenic acid. 

(3) Quinoline 1 ■ 2 : .3 triearbovylio acid and naphthalic acid. 

(4) Imidazoledioarboxylic acid and triazoledicarboxylic acid. 
It has been found that dyes derived from Qumolinic (Ghosh, 
J. C. S., 1919, 115 , 1102) and Cinchomeronic (Tewari, 
J. C. S., 1929, 135 , 1642) anhydrides are slightly more 
absorptive than the corresponding dye-stuffs derived 
.from phthalic anhydride- Though of course the brilliance 
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and covering' power of the atter are undoubted y greater 
ThiB wxU be apparent by having a look at Table !No. IIT 
given on page 6. Similarly, it has been found that dyes 
derived from Ss pbenylpyridinedicarboxylic acid (Tewari 
and Dntt, Jour. Ind. Chem. Soc., 1926, 3, 161) are 
more coloured than the corresponding dyes obtained 
from diphemc acid (Dutt, J. C. S-, 1923, 123, 225) and also 
dyes derived from quinoline 1.2:3 tricarboxylic acid 
(Tewari and Dutt, Jour. Ind Chem, Soc., 1928, 5, 59) are 
more coloured than the corresponding dyes derived from 
naphthaliG acid (Terrisse. Annalen, 1885, 227, 133) \pide 
Table Ko. lY]. Several dye-stuffs have also been prepared 
from fcriazoledioarboxylio acid and compared with the corre- 
sponding dyes derived from imidazoledicarboxylic acid 
(Tewari and Dutt, Jour. Ind. Chem. Soc., 1927, i, 26). 
Triazoledicarboxylic acid is a substitution product of 
imidazoledicarboxylic acid in which one of the carbon atoms 
of the ring has been replaced by a nitrogen atom. Triazoledi- 
carboxylic acid was prepared as follows : 

Preparation of ortjionitroaoetanihde , — This compound 
was prepared according to directions given in J. B. Cohen s 
Practical Organic Chemistry, pages 171-72. 

Beduction of o-nitroacetanihde . — Aluminium amalgam 
was added to solution of o-nitroacetanilide m moist ether 
until the yellow colour of the solution was discharged Owing 
to its insolubility in ether acetyl-o-phenylenediamine separated 
out from the solution along with aluminium hydroxide, from 
which it was extracted by means of boiling benzeue- 
It crystallises from benzene in small lustrous plates 
(M. P. 132°). 

On addition of the calculated amount of sodium nitriti 
to a solution of this compound in hydrochloric acid an 
immediate precipitate of acetyl — 1 ; 2 : 3 — benztriazole was 
produced, which was crystallised from alcohol in compact 
needles (M.P. 51°). Acetyl— 1 : 2 : 3— benztriazole was 
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hydrolysed with extreme ease to give 1 ; 2 *. 3 henztriazole. 
(M. P. 98°). 


^N02 


,Nn C0CH3 




H^02 


NH2 


oocEia 

i 




1:2:3 benztriazole was oxidised with boiling alkaline 
potassium permanganate. The solution after filtering off the 
precipitated manganese dioxide was made neutral by the addi- 
tion of sulphuric acid It was then concentrated to a small 
Tolume when some of the potassium sulphate got crystallised 
out which was filtered off. The solution was then acidified 
with hydrochloric acid. The tnazoledicarboxyho acid 
got precipitated. The yield obtained by this method was 
very poor. So the following method given by Chakar- 
varti and Dutt (Jour. Ind. Chein Soo., 1928, 5, 557) was 
utilised for the preparation of the acid which gave a good 
yield. 2-~(4'“-bydroxypheny])~l : 2 : 3 benztriazole 



was prepared by reducing O-nitrobenzeneazophenol by 
alcoholic ammonium sulphide. It was obtained in 
colourless silky needles by crystallisation from alcohol. 
(M. P. 231") 

Oxidation of 2 — hydroxy fhmyl) 1:2:3 hen^tria- 
ZQle,~~Five grams of the above substance were dissolved 
in the requisite quantity of dilute sodium hydroxide and 
treated with a 5 per cent solution of potassium permanganate 
in the cold until the latter was no longer decolourised. The 
|«ecipiJated manganese dioxide waa filtered off and the 
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filtrate waa evaporated to a small volnmo after neutralisa 
tion with dilute salphuiie acid. The liquid was then 
rendered strongly acidic with dilute sulphuric acid when a 
crystalline precipitate was obtained, which was triazoledicar- 
boxylic acid. It melted with vigorous decomposition at 
200'’. It was soluble in water and acetic acid, completely 
insoluble in acetone, ether, alcohol, ligroin and benzene. 
In comparing the two series of dye-stuffs, thus obtained, 
it 18 found that dyes derived from triazoledicarboxylic acid 
are invariably more absorptive than the corresponding dyes 
derived from imidazoledioarboxyhc acid as the Table No. V 
on page 7 will show. 

The following compounds have been condensed with 
triazoledicarboxylic acid and the corresponding dye-stuffs 
obtained : phenol, resorcinol, phloroglucinol, metadiethyl- 
amidophenol, and metaphenylenediamme. The preparation 
and purification of phenol, resorcinol, and phloroglucinol 
compounds were done just in the same way as in the case 
of imidazoledicarboxylic acid (Tewari and Dutt, Jour. Ind 
Chem. Soc., 1927, 4, 201). The condensation, isolation and 
purification of metadiethylamido phenol and metaphenyl- 
enediamine compounds were done exactly in the same way as 
m the ease of the corresponding compounds of cinchomeronic 
acid (Tewari, J. C. S-, 1929, 1B5, 1642). The only difference 
was in the preparation of the diamine compound, which 
was done over an oil bath at temperature between 180'’' — 200°, 
until the melt was dark-red in colour and became quite hard 
and brittle on cooling. 

The properties of these are summarised in the form of a 
table (Table No. II). 
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Table II 


Name. 

1 

o 

i c 

1 

n 

a, 

<5 

i 

M P 

15 

ff 

M 

hi 

s 

o 

o 

o 

Colour m Acid 

Phenol-inazo- 
males jn 

n ra nge- 
yellow 

Does not 
melt up 
to 275'’ 

Pink-red 

1 

‘ 

Beaorojnol-trj- 

assomaleem 

0 range- 
red crys- 
tals 

2Tg'>--276® 

Orange- 

red 


Phloroglueinol 

triazomaleeiu 

Brown 

crystals 

Does not 
melt up 
to also 

Dark-rod 

• 

Metadiethyla- 

ujidopheuol- 

triazomaleein 

Seddigh- 
T 1 ole t 
crystals 

193*’ -194'’ 


Brig h t- 
pink 
colour 

Metapheny- 

leuediamme- 

triaaonaaleeja 

^ r 0 w n 
crystals 

Does not 
melt up 
to 276'> 

•• 

Red 


B n 
ifr( 


Bro’ 


G-rep 

alt 


Table III 


Compound obtained 
from — 3 and 

1 Phthaho Acid 

Quinolinic acid 

Phenol 

5540 

6660 

Resorcinol . ^ 

4940 

4960 

Phlorogluomol 

4980 

4990 

Metadisthylamido- 1 
phenol . j 

5640 

6640 


Table IV 


Compound derived 
from — , and 

Dipkenio 

acid. 

^-phenylpyridi- 

nedicarbcxylic 

acid. 

Naphthai 

acid 

Resorcinol 

4170 1 

4660 

4430 

Phlorogluomol ... 

4320 1 

! 4710 

44S0 

Metadiethylamido- 

Bhsnol 

4990 

6070 

6140 
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Table V 


Compound derived 
from — , and j 

1 Imidaaoledicarboxylio 
acid. 

Tna*oledioarboxyUc acid, 

l 

Phenol . . 1 

6510 

1 6630 

1 

Ilfsorcinol . 1 

4960 

4970 

Phloroglncinol 

4970 

4980 

Meiadiethylamidoplienol [ 

1 

1 

Oonld not be obtwned in 
pure state. 

5B60 


The figures m Tables Nos. I, III, IV, V, denote 
absorption maxima in approximate wavelengths. 

My thanks are due to Dr. S* Dutt for the interest which 
he took in this work. 



PHOTONITRIFICATION IN 2>OlL. 

A, K. BHATTAOHAKYA. a Sr. 

Ghemical Laboratories, (tniveriiHl} of Allahabad 

In previous publications^ fi'Otu tbeso inljoratorios a new 
view on the process of nitrification in soil has hoPo advanced 
and supported by experiments. It ijoen shown timt the 
process of nitriHcation in soil is mainly due to the oxidation 
of ammoninin salts to nitrite by air in prosence of siinljirht. 
In other words, according to our view, nitrifmatim in 
the soil especially m the tropics, is u'lore phoiochetoical in. 
nature than bacterial. 

In this paper, we are submitting the insults of our ex- 
periments on nitrification in soil'^ effected by Rualii?fii The 
experiments were carried on as follows : 

Soil w'as collected from the grass land fi oiii a particular 
spot in the laboratory compound digging a hole nine inches 
deep. The soil was crushed, passed through a sieve 
with one-millimeter bore, and was air-di iod at Two 

thousand grams of this sod were mixed svith 20 gnis. of 
the ammonium salts and 750 o.c. water. The whole mixture 
was kept in both earthen and large giuss jurs having a 
capacity 4000 c,c and exposed to sunhghi. Water was 
daily added in order to make up lor the water lost by 
evaporation. The vessels were weighed everv week to test 
for the constancy in weight. The soil was well stirred 
every morning before exposure. Blank experiments were 
also carried on in the dark by covering the ghws jars with 
a thick layer of black japan enamel aoil ihf earthen pots 
were covered with a tin hd blackened !h’ black japan. For 
the experiments in the dark, tlieso vesseb also phicod 

* J lad- Ohem Bou - 9 1932 

* Sod Science 31 379 193 
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the bqh to have the same temperature as those expc 
e Bun 50 gms of the soil were taken out after tl 
tsure was eompleted and the aiTimonia was estimat 
idirtg potassium hydroxide to the soil and distilbi 
jerated ammonia, which was absorbed a standarr 
in of sulphuric acid. At the end of the experiraen 
ilphunc acid was titrated against the standard sc 
caustic potash and thus the amount of ammonia abi 
r sulphuric acid was found. Then another 50 gms* « 
il were taken and treated with Devarda’s ailc 
timating the ammonium salt and the nitrites and nitr 
The following results were obtained with soi 
imonium salts exposed in earthen vessels for 160 ho 

TaBIjI!! I 


Condition 

Amount of 
salt added 

Unchanged 
amount of 
salt 

Amount of 
oxidised 
salt 

Sanlight 

20 gms 
ammonium 
chloride 

13 gms. 
ammonium 
chloride 

0 7 gmS 
ammonium 
chloride 

Dark 

] 

20 gms 
ammonium 
chloride 

18 7 gma 
ammonium 1 
chloride j 

1 3 gms. 
ammonnim 
chloride 

Sunlight j 

20 gms 
ammonium 
chloride to 
heated soil ' 

16 5 gms. 
ammonium 
chloride 

4 4 gms. 
ammonium 
chloride 

, Sunlight 

1 

ao gms 
ammonium 
sulphate 

l8 76 gms. 
ammonium 
sulphate 

1 2 gms. 

1 ammonium 
Sulphate 

1 Dark 

20 gms. 
ammonium 
sulphate 

20 gms 
nmmomum 
sulphate 

nil 

Sunlight 

20 gms. 
ammonium 
phosphate 

' 16 6 gms 

i ammonium 

1 phosphate 

8’3 gms. 
ammonium 
phosphate 

Dark 

20 gras, 
ammonium 
phosphate i 

j 30 gms. 

1 ammonium 

1 phosphate 

nil 
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These eipenmenta earned on m earthen pots were not 
‘ry satisfactory because the pots being porous a good deal 
the ammonium salts percolated and came out on the 
ter surface of the pots- 

The following results were obtained in glass vessels 
',eT 160 hours’ exposure to sunlight with loose 
vers : 


Table II 


Oondition 

Amount of 
salt added 

Unchanged 
amount of 
salt 

Amount of 

OXldlBPi] 

salt 

o 

1 

^ 3 

Qaf 

Sunlight 

20 gms 

18 64 gms. 

1 33 gms. 

6*65 


atnnionium 

ammonmm 

ammonium 



chloride 

chloride 

chloride 


Sunlight 

20 gms. 

n'64 gms 

2'44 gms. 

12*2 


ammoniuiQ 

ammonium 

ammonium 

1 


phosphate 

phosphate 

phosphate* 


Dark 

20 gma. 

I9'8 gms. 

0 2 gm. 

I’O 


ammonium 

ammonium 

ammonium 



! phosphate 

phosphate 

phosphate 


Sunlight 

20 gms 

l9'6 gms 

0 3 gm 

1'6 


ammoriium 

ammonium 

ammonium 



bulphate 

sulphate 

sulphate 


Dark 

20 gms 

20 gms 1 

ml 

ml 


ammonium 

ammomum 




sulphate i 

sulphate 1 




As the percentage of oxidation was not high after 160 
rs exposure, the vessels were again exposed to sunlight 
a much longer period. The results tabulated on page 2 
.re obtained after a total exposure to sunlight for 700 
rs m the months of May, June, and July. 
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Tarlk II 


Oondnion 

Amount of 
salt added 

Unchanged 
amount of 
salt 

Amount of 
oxidised 
salt 

Sunlight 

20 gme 
ammonium 
chloride 

3B gms. 
ammonium 
chloride 

15'25 gms. 

' ammonium 
chloride 

Dark 

20 gms 
ammonium 
chloride 

17 25 gras 
ammomura 
chloride 

0 86 gm 
, .ammoBiuin 

1 chloride 

Sunlight 

20 gms 
ammonium 
sulphate 

17 25 gms 
ammonium 
sulphate 

1 

9'6S gms 
ammonium 
sulphate 

Dark 

20 gms- 
ammomnm 
sulphate 

20 gms. 
ammonium 
‘iulphate 

ml 

Sunlights 

1 

20 gms 
amtaoniuni 
phosphate 

2 gras, 
ammonium 
phosphate 

16 6 gms. 
ammonium 
phosphate 

Dark 

20 gms. 
ammonium 
phosphate 

185 gms 
amnioniiim 
phosphate j 

0 25 gm 
ammonium 
phosphate 

Sunlight 

1 

1 

1 

lO gms 
amraomum 
phosphate 
to heated 
soil 

1 38 gms. j 
ammoniam j 
phosphate 1 

8 37 gms 
ammonmm 
phosphate 


The foregoing results show conclusively that on exp 
ammonium salt solutions to light in contact witi: 
, an appreciable amount of the salts are photochem 
dised in air after an exposure for 160 hours br 
dation is greatly increased after 700 hours exposi 
wn in Table III. Amraoniura phosphate nnde. 
iation to a greater extent than the other ammonium 
ler similar conditions. The oxidation in the vessels 
,he dark under identical conditions is very small an 
le cases negligible. 

If nitrification is mainly bacterial as is generally beL 
m the ammonium sa ta in the vease 0 kept in the 
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ehould have nudergone approciaWe oxidation Bat the 
results show that the dark oxidation is exceedingly smai 
m comparison with the photochemical oxidation. MoreoTer 
eyen with the sterilised (by heating for 48 hours at 150° G, 
soil ammonium phosphate undergoes considerable oxidation 
in presence of sunlight. The oxidation of ammonium phos- 
phate m presence of sunlight is practically the same in the 
sterilised as well as in the unsterilised soils. It therefore 
appears that nitrification especially m tropical countries is 
more a photochemical than a bacterial process. 

We liaye carried on similar experiments with urea. 
10 gms. of urea were mixed with ] ,000 gms- of the same soil 
and one glass jar was exposed to sunlight for 540 hours 
under the same conditions as in the case of ammonium salts. 
The following results have been obtained : ^ 

Table IV 


Amount of urea added 

Amount of unchanged 
ammonia 

Amount of oxidised 
ammonia 

10 gins 

4‘7 gms 1 

0 7 gm 


Hence percentage of ammonification is 54 and the 
percentage of its subsequent oxidation to nitrites is 15. 

From our experiments, it appears that ammonification 
is also markedly photochemical in nature. We have been 
able to convert several nitrogenous compounds into ammonia 
by exposing the solutions of these compounds to light. Hence 
it appears to us that In the soil the ammonification of nitroge- 
nous compounds and the subsequent oxidation of ammonium 
salts to nitrites are markedly accelerated by light and the 
process of soil nitrification is more of photochemical than of 
bacterial origin. 

Further experiments on this line on sterilised and 
uustenhsed aoils are m progress 
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(SCARLET VARIETY) 


BT 

NARBNDRANATH QHATAK. M.Sc. 

Kanta Ppasad Research Soholaf’, Chemistry JCepartment, 
University of Allahahad. 

The plant Rati or G-hungachi 38 mentioned by Suaruta 
and the older Sanskrit writers, it must, therefore, have long 
been in use as a medicine among the Hindns ; they describe 
two varieties, namely, red and white-seeded. Formerly, the 
root of the plant was considered to be a perfect substitute 
for liquorice, but experience has shown this to be erroneous. 
Sanskrit writers describe the root as emetic and useful in 
poisoning. Internally, the seeds are described as poisonous 
and useful in affections of the nervous system, and external- 
ly, in skin diseases, ulcers, affections of the hair, etc. The 
seeds reduced to a paste are recommended to be applied 
locally in sciatica, stiffness of the shoulder joint, paralysis, 
and other nervous diseases. In white leprosy, a paste com- 
posed of the seed and plumbago root is applied as a 
stimulant dressing. In alopecia a paste of the seed is 
lecommended to be rubbed on the bare scalp. The seeds 
are used as a purgative, but in large doses are an acrid 
poison, giving nee to symptoms resembling those of cholera. 
The poisonous property is generally believed to be in the 
red covering of the seed. Taken internally by women, the 
seed disturbs the uterine functions and prevents conception- 
For the latter purpose, four to six seeds are swallowed every 
day, in two doses, for several days, after each menstruation. 

5 
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The I oiled seeds are said to possess powerful aphrodisiai 
propert ee The seeds reduced to a paste are used for con 
tusions and to reduce inflammation. Dr- Burton Browr 
(Punjab poisons) recorded a case in which forty seeds oi 
Abrus {Rati), administered internally, caused purging anc 
vomiting, witli symptoms of collapse and suppression of 
urine ; the patient recovered under the use of stimulants. 

Rati or dequirity as it is known in English is a plant 
of the natural order Legummosse. It is grown m India and 
other hot countries. It is a perennial twiner with numerous 
stems. Seeds from three to five are contained m pods which 
aie from If to If in- long and i in wide, flat, oblong, 
truncate, with a sharp deflected beak, and finely silky. The 
seeds are usually bright scarlet, with a black spot on the top, 
highly polished as if covered with red lac. The average 
weight of the seed is 1'75 grains. There are three varieties 
of the seed— scarlet, white and black, but the findings of the 
present paper are on the scarlet one. The seeds are used 
in India by the goldsmiths as weight. 

Warden and Waddell (“ Nou-bacillar nature of Abius 
poison,” Calcutta, 1884) have given the name ‘ahrm’ to the 
poisonous principle of Jequirity. They showed that abrin 
was closely allied to plant albumin but did not enter into 
any details as to whether it consisted of one or more pro- 
teids- Martin (Proc. Roy. Soc., 1887, 331 —34), after remov- 
ing the red cuticle of the seeds, proved the presence of 
two proteids — a globulin and an albumose— in the kernels. 
He classed the globulin to the group of vegetable para- 
globulins and the albumose to Kuhne and Chittenden’s 
deutero-albumose- The albumose responded to the biuret 
reaction and was found identical with the a-pliytalbumose 
of papaw-juice (Abs., 1886,642). In a later paper Martin 
(Brit. Med. d-, 2 , 1889, 184 — 87) established that the 
poisonous nature of the seeds is due to the two proteids 
only Dr Warden (Pharmacographia Tndica 1890 Vo I 
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p 442) claiiDS to havo succeeded in iBolating- an acid from 
the seeds, which he named as abric acid and represented 
it by the formula Cj ^ N 3 0^- He also obtained a 

small q_iiantity of pungent volatile oil. But he gives no 
details as to how abrie acid was separated. 

Abnn (The Chemistry of Plant Products, by Haas and 
Hill, 1928, Yol. I, p. 371) has been suspected to have the 
same properties as riein which occurs in Ricinus. Their 
toxic characters have been attributed partly to the presence 
of ptomaine bodies and largely to bacterial toxins, a class of 
substance related to aibumoses. 

The above represents the work that has hitherto been 
done on the seeds of Rati- A systematic analysis of the 
seeds was, therefore, undertaken with a view to study the 
exact chemical nature of the poisonous constituents. 

The powdered yellow kernels of the seeds on extraction 
with petroleum ether were found to yield 5*5 per cent of a 
non-drying yellow oil which had a strong pungent smell. The 
oil-free kernels on extraction with alcohol and evaporation 
of major portion of the solvent yielded a thick brown liquid 
which on cooling slowly deposited colourless needles. This 
substance contained nitrogen and on reorystallisation from 
boiling water was obtained as snow-white slender needles 
melting at 295^0. and having a molecular formula 
C ]2 HJ 4 O 2 Ng. This substance has been named as ‘ abrine ’ 
by the present author- Warden (loc. cit.) must have got 
this substance in an impure form which gave him a wrong 
analytical data and made him suspect the compound to 
be acidic in nature. 

Abrine is insoluble in all organic solvents excepting 
alcohol in which it is a little soluble* Neutral ferric chloride, 
lead acetate or sub-acetate has no effect on the substance. 
Phosphomolybdic acid produces a white precipitate which 
soon changes to yellowish green and finally to grey colour. 
Eardman's and Frohed’s reagents give yellow coloration 

F.3 
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With abnne Gold ch ondp so ntion prodaces a ye lowiah tor 
bidity which darkens and in about a ininato becoraoe violet, 
which, however, throws down a blue-black precipitate on 
addition of concentrated hydrochloric acid Platinic chloride 
seems to have no effect on the substance in the cold, but on 
heating and allowing it to cool a brown gelatinous precipitate 
settles at the bottom Abrine is non-respondent to the 
rest of the alkaloidal reagents. It dissolves readily m 
hydrochloric acid and on complete evaporation of the solvent 
long silky needles are obtained which quickly dissolve m 
water. This must, therefore, be the hydrochloride of abrine. 
The hydrochloride gives all the reactions of the free base 
as described above, excepting that it has no reaction with 
gold and platmic chloride solutions. The hydrochloride, 
however, gives a white precipitate with phosphotungstic acid 
which turns brown in about five minutes. Abrme hydro- 
chloride dissolves readily in water and very soon gets 
decomposed with the precipitation of abrine. In dilute 
nitric acid abrine dissolves and on spontaneous evaporation 
of water needle-shaped crystals of abrine nitrate are formed* 
This substance is, however, quite stable in water. Abnne 
forms a mouo-pierate both in acetic acid and alcohol solution. 
It also forms a dibromo compound in cold alcoholic solution 
of bromine. From the bromo-denvative it is evident that 
abrine contains one double-bond linkage between two carbon 
atoms. From the colour reactions and salt formations it can 
be said that abrine is semi-aikaloidal in character. It is 
tasteless when pure and therefore may be classed in the 
group of non-bitter alkaloids. 

The thick mother liquor left after the separation of 
abrine was diluted and clarified with lead acetate solution- 
The filtrate gave an yellow precipitate with basic lead acetate 
solution. The second lead salt on decomposition with 
sulphurated hydrogen in aqueous suspension and on com- 
plete evaporation of water gave an amorphous yellow 
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powder me tmg at 10 o°C and having’ a rao ecu ar forma a 
Gj 3 Hi 4 O 7 . This does not reduce Feoling s solution and 
Tollen’s reagent, bat both are readily reduced if the com- 
pound is previously hydrolysed by warming with hydro- 
chloric acid. It does not produce any coloration or precipitate 
with the usual alkaloid reagents- The substance has an 
astringent and mild bitter taste and produces a dark colora- 
tion with neutral ferric chloride solution which turns red on 
dilution. This substance has been named as ‘ Abralm ’ by 
the present author. The physiological examinations of 
abrine and abralm are in progress and wall be published 
afterwards. 


EXPERIMENTAL 

The scarlet variety of Rati seeds was obtained from 
the local market. 'The red seed-coat was removed by 
coarsely crushing the seed in a grinding machine. The outer 
coating constituted 30 per cent of the entire seed. The yellow 
kernels were very hard and were crushed to powder by 
means of a powerful crushing machine. 

50 gms- of the powdered kernel were freed from oil by 
petroleum ether in the cold and tiie oil-free powder on cold 
aqueous extraction gave a cloudy precipitate with ethyl 
alcohol showing the presence of enzymes. The powder on 
completely burning left 2'5 per cent of a white residue 
(ash) which on qualitative analysis was found to contain 
iron, calcium, aluminium, silicon, magnesium, phosphate and 
sulphate. 

For complete analysis 1 5 kilograms of the crushed 
kernels were exhaustively extracted in a round bottom extrac- 
tion*fla 8 k with 5 litres petroleum ether (B P. .35— 60“C), till 
a portion of the extract did not give any oily residue on 
evaporation of the solvent. From the petroleum ether 
extract 85 gms. of a yellowish brown non-drying oil was 
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ol^ tamed wh ch had a pungent odour The oil free powder 
was BuccGBBive y extracted with rectified Bp nt The first few 
extracts were yellow in col on rand after that colourless extracts 
weie obtained winch deposited white needles in small quan- 
tities on exaporatioDi of the solvent. The substance seemed 
to be very little soluble in alcohol and therefore the extraction 
was done about twenty times in order to recover the crystal- 
line prod net completely from the powder. The powder became 
almost colourless after the extractions. The total alcoholic 
extract was concentrated under reduced pressure when a 
brown syrup having white crystalline suspension was obtained. 
The liquid, which had a disagreeable smell, was allowed to 
stand for about a week when the quantity of the crystalline 
product increased and settled at the bottom. It was filtered 
at the pump and the colourless residue was washed with 
water. The dried crude product, which weighed 13 gms., 
turned brown at 210°C. and completely melted at 247°C. 
This substance was moderately soluble m hot water from 
which snow-white needles were obtained melting at 295°0. 
This product contained nitrogen and was abrine. 

The mother liquor after the separation of abrine was 
diluted with water and on addition of lead acetate solution 
a thick yellow floceulent precipitate was obtained. The 
piecipitate, which had a strong disagreeable odour was 
washed free of lead and decomposed with HgS The yellow 
filtrate on complete evaporation of water gave a brown 
sticky substance from which no chemically pure substance 
could be isolated. 

The filtrate of the above lead salt was yellow in colour 
and gave a bright yellow bulky precipitate with lead sub- 
acetate solution. The purified lead salt was decomposed 
by HgS in alcoholic suspension. The yellow filtrate was 
concentrated under reduced pressure and on complete eva- 
poration of the solvent an yellow deposit was obtained. It 
wa« non-cryntalline in etructure and melted at lOb^C after 
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remaining in vacnnm doaiecator for two days Th b anb- 
etanoe was ' abralin'. 

The oil on purification with Fuller’s earth and animal 
charcoal became lighter in colour. It did not contain 
nitrogen and sulphur and was tasteless. In a decimeter 
tube the oil rotated the plane of polarisation by + 0'36°, 

thereby giving a dextro rotation of 4- 0‘39. This 

small rotation must be due to the presence of sterols in the 
Oil. The oil burnt with an absolutely aon-luminous flame 


and gave the following constants : 

Moisture ... 0 78% 

Specific gravity at 25‘'0 ... 0 9139 

Refractive index at 2o“C .. ... r4662 

Acid Value ... .. 2 44 

Saponificatioa Value ... 19i'T 

Hehner Value . ... 88 06 

Acetyl Value .. ... Nil 

Iodine Value ... 951 

Unsaponifiable matter . . .. r68 


Abrine'.— C li Hi^ 0^ Nf — Abrine dissolved in con- 
centrated nitric acid with orange-red colour which became 
yellow on dilution. In strong sulphuric acid it dissolved 
with yellow colour. "When very slowly crystallised from 
water about 1 cm. long star-shaped needles were obtained. 
[Found : C, 65'78 , H, 6*46 ; N, 13*15 ; M. W. (cryosoopio in 
phenol), 221 .] 

Ci 2 Hi 4 O 2 Na requires 0,66*08, H, 6*42 ; N, 12*84; 
M. W. 218. 

Ahralin : Ci ? Ffii O 7 . — In concentrated sulphuric acid 
abrahn dissolved with a yellow colour which slowly darkened 
and finally became deep red. On dilution the colour was 
discharged and an yellow flocculent precipitate separated, 
which was the aglucone of the glucoside. In strong nitric 
acid ahralin dissolved with red colour, which became orange- 
yellow on dilution- It was optically active having a laevo 
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rotation of [oId* 21 il in aqueous bo ution iFound 
C 54 98 H 5 29 MW (cryoscopic in phonol'l 286 decom 
position of the lead salt), 281. Ci 3 Hi 4 0r requiies 
0, 55-32 ; H, 4-90 ; M. W., 282 ] 

Abrine picrate • Cl 2 Hi4: 0 2 GaHzOTNs- — 1 gm. 

of picric acid was dissolved in 30 c c. alcohol and '5 gin. of 
abrine was added. On slight warming, abrine dissolved and 
the colour of the solution slowly darkened and finally became 
orange-red. It was then heated to boil and allowed to 
stand over night. Next morning orange-yellow crystalline 
plates m clusters were formed. The mother liquor was 
decanted off and the crystals were washed fiee of pionc acid 
with dilute alcohol. The picrate weighed 0'9 gm. and melted 
at 194°C. with decomposition. It was quite stable in presence 
of water in which it was very little soluble, forming faint yellow 
solution. (Found N, 16'06^. 15'92^ ; Cjs HirOg Nj le- 
quires N, 15’66%). 

The picrate was also prepared in glacial acetic acid 
from which two different types of crystals were obtained-- 
(1) orange-red needles in form of stars, and (2) very closely 
packed yellow soft needles. They were separated by 
mechanical means. Both melted at 194°G with decom- 
position and the nitrogen content was 15'96 per cent and 15'98 
per cent respectively. The orange-red vaiiety changed colour 
and became perfectly yellow at 120'’C Thus all the three 
varieties were inono-pienc acid salt of abrine having only 
different crystalline modifications, 

Dibromo abrine: C 12 — ‘5 gm. of 

abrine was put in a dry flask and alcoholic solution of 
bromine was added in the cold. The colour of bromine was 
discharged and abrine dissolved forming a light pink 
solution. Excess of bromine solution was added and was 
left for spontaneous evaporation at room temperature. After 
few days light yellow soft plates settled at the bottom and 
the mother liquor remained brown. Addition of water did 
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not separate the bromo derivative Some acetone was next 
added when the solid deposit became colourless and the 
brown mother liquor was decanted olf. It was thus freed 
from bromine by two more washings with acetone. The 
product on drying was obtained as whitish micro-crystalline 
powder. It slowly started turning dark from 220°C. and 
melted between 24l-42°C., with decomposition, (Found 
Br, 427^ ; Cl 2 Og ISlg Erg requires Br, 42'3 %’.) 

The author wishes to express his indebtedness to Dr. 
S. Dutt for the kind interest he has taken in the work. 
His thanks are also due to the Kanta Prasad Research 
Trust of the Allahabad University for a scholarship which 
enabled him to take part m the investigation. 
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1. TINOSPOEA CORDIFOLIA (MIERS) 

Tinosporia Gordifolia, known as Grurach in Hindustani 
is a plant of the natural order Merispermacese. It is a 
well-known medicinal plant of long use in Hindu medicine. 
A glabrous, succulant, climbing shrub after reaching a great 
height and sending down long thread-like aerial roots. The 
bark is grey and creamy white. The branches bear smooth 
heart-shaped leaves and bunches of red berries. 'When 
dry, they shrink very much. The taste is very bitter, the 
odour not in any way peculiar. 

As regards its medicinal properties, it is eon* 
sidered to be cold and dry by the Mohammedans* The 
fresh plant is said to be more efficient than the dry. It is 
taken with milk in rheumatism, acidity of the urine and 
dyspepsia. Tmospora Gordifolia attracted the notice of 
Europeans in India and has been formerly spoken of by them 
as a tonic, antiperiodio and diuretic. It is now an official 
in the Pharmacopoaia of India and is introduced in Europe as 
a specific medicine. The medicinal property of the plant is 
said to be due to the presence of berberine. It is a remedial 
medicinal agent in the chronic diarrhoea and some forms of 
chronic dysentery. It was prescribed by ancient Hindu 
physicians in gonorrhma with advantage. It is also regarded 
by natives in certain parts of India as a specific for the 
bites of poisonous insects and venomous snakes. 
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F ucki^er m 1884 found the preaonce of 1 erbenne 
m sraal quantity in the eteuiB by chloroform extraction of 
the calcified drug* The extracted mass was then boiled up 
with water and the filtrate gave a precipitate with tannic 
acid. The decomposition of the tannic acid salt gave a bitter 
principle which was ultimately proved to be a glncoside by 
hydrolysis with dilute sulphuric acid. Unfortunately, 
Fliiekiger could not crystallise the glucoside. 

The above represents the work that has hitherto been 
done on this plant. The present work was, therefore, under- 
taken to throw some light on the constitution of the bitter 
principle. 

The presence of the alkaloid was definitely established 
by the colour reactions of the usual alkaloidal reagents with 
the acidified solution of the alcoholic extract of the plant. 
But the quantity of the precipitate and the intensity of colours 
indicated the presence of the alkaloid in very small quantity. 
All attempts to isolate the alkaloid by different solvents 
proved unsuccessful. Alcohol extracted sufficient quantity 
of chlorophyll, sugar and traces of resins and waxes. The 
dilute hydrochloric acid extraction of the drag on neutraliza- 
tion with alkali precipitated all inorganic traces. 

Aqueous extract of the plant gave precipitates with 
lead acetate and sub-acetate. But the decomposition of the 
precipitated lead salts with HgS and on complete evaporation 
of the filtrate gave sticky brown masses containing sufficient 
quantity of reducing sugars Chloroform, however, extracted 
two solid products in small quantities which were tasteless 
and non-alkaloidal in character. 


Expebimental 

About 500 gma. of the dried and powdered stem of 
Tinospora Oordifoha were repeatedly and ■ exhaustively 
extracted with distiOed water The extract completely 
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evaporated to drj ness ou water-bath. A. brownish black 
coloured hygroscopic pow’der was obtained which had a bad 
sugary odour and a sharp bitter taste- The yield was about 
90 gms., 18 per cent of the dried plant. 

About 50 gras, of the dried and the powdered plant 
were extracted with cold dilute 1 per cent HCl for two days- 
The liquid was filtered and normal sodium carbonate solution 
was added in order to precipitate the alkaloid. A white 
flocculent precipitate was obtained which was proved to be 
purely inorganic and on analysis was found to contain 
calcium, sodium, nitrate, and traces of chloride. 

10 gms- of the water extract were mixed up with 
2 5 gms. of slaked lime, moistened with water and dried in a 
desiccator for three days. This was then extracted with various 
solvents, — petroleum ether, chloroform, ether and alcohol, 
but none did give any alkaloid although each fraction 
answered all the reactions of alkaloids. 

5 gms. of the water extract were taken and dissolved 
in hot water. The solution was then clarified with lead 
acetate. The lead salt was separated and the filtrate after 
removing the excess of lead was evaporated to dryness. A 
dilute HOI solution of this sticky mass gave all the coloured 
reactions of the alkaloids, but it could not be crystallised 
from any organic solvents. The lead salt was also 
decomposed by HgS and the filtrate evaporated to dryness 
also yielded sticky syrupy mass which could not be got as 
solid even after keeping it for several days in vacuum 
desiccator. 

About 5 gms. of the water extract were refluxed for 
three hours with chloroform and alcohol separately. The 
corresponding extracts on evaporation yielded browm sticky 
products but the definite alkaloid could not be isolated. 

The above attempts were made to isolate the alkaloid 
in free state but unfortunately no satisfactory results were 
obtained- But thia is definite'y ascertained that there is 
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present in ninute traces some substance alka oida in nature 
■which cannot l-e isolated in the free state by any of the 
standard methods 

A few grams of the water extract were treated witii 
ether and petroleum ether respectively, hut on evaporation 
of the solvents no definite extract was obtained. 70 gms. of 
the solid water extract were refluxed several times with 
chloroform and the fractions collected. The extract was 
greenish yellow in colour. Chloroform was evaporated off 
when a solid residue of a whitish yellow colour weighing 
about 4 gms. was obtained. The whole product was then 
treated with hot alcohol several times which dissolved some 
portion. The residue was again dissolved m chloroform and 
on purification with animal charcoal, solid white waxy plates 
were obtained. The alcohol soluble solid was also similarly 
treated. The two compounds weighed only about 0‘5 to 0'8 gm 

{a) Alcohol soluble solid . — White cylindrical prisms, 
(M.P. 76 — 78°0.) contains no nitrogen or sulphur. Soluble in 
alcohol and other organic solvents but insoluble m water ; 
does not answer to any of the alkaloida) reagents. Keduces 
Fehling’s solution on hydrolysis by dilute HCl , appears to 
be of glucosidal nature. 

(5) Chloroform soluble solid — White flakes, waxy in 
nature. Insoluble m alcohol, crystalline tendency to 
hexagonal shape. Shrinks at about 150°C. but melts 
completely at 173 — 74*^0 Contains no nitrogen, does not 
reduce Fehling’s solution even on hydrolysis. On combus- 
tion the results were (0 = 54*01^, H~7'02^, 0 = 38'97^). 
Only one combustion could be done as the quantity of the 
substance was very small. 

The remaining residue was then exhaustively extracted 
with alcohol. The alcoholic extract was concentrated and 
dried over water-bath. The extract was of a reddish-brown 
colour, extremely hygroscopic and tasting exceedingly bitter. 
It contained a good amount of free sugars Attempts were 
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made to remove the eupar by acetone A the ordinarj 
organic solvents were tned bat no pure so.id cou.d be 
recovered. However, a solid stuff was obtained after keep- 
ing it in a vacuam desaicator, which weighed over 13 gms., 

17 per cent. Uut this too was extremely hygroscopic 
and could not be crystallised An acetyl derivative of the 
substance was prepared but that too could not be got in a 
crystalline form. Both the alcoholic extract and the acetyl 
derivative reduced Fehhng’s solution showing the presence 
of free sugars. One combustion was done w'hich gave 
(C = 57'8 %, H= 5-31 %). 

2. SOLANUM XANTHOGARPUM 

This plant which is known as Bhatkataya in Hindustani 
is of importance in Hindu medicine since long. The plant 
is very wild in India. Root is at least biennial, stem none, 
leaves frequently in pairs, oblong, armed on both the sides 
with long, strong, straight spines, bright blue flowers, calyx 
armed with straight spines, berries spherical, size of a large 
gooseberry, very smooth, when ripe yellowish green in 
colour. 

The root is much esteemed as an expectorant and is 
used in cough, asthma, catarrhal fever, and pain in the 
cheat. Kantakari, as it is known in Sanskrit, is used in 
medicine in various forms. The roots beaten up and mixed 
with wine are given to check vomiting. The juice of the 
berry is useful in sorethroat. It is also a good diuretic. 
According to Dr.Wilson (Calcutta, Medi.Phys*, Trane., ,3, 406) 
the stems, flowers and fruits are bitter and carminative, 
and are prescribed in those forms of the burning of the feet 
which are attended with vesicular watery erruptions. In 
Bengal, the plant is much used as a diuretic and in dropsy. 
In the Punjab hills, the juice of the plant is administered with 
black pepper m rheumatism. A decoction of the plant is used 
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m gonorrhcBa It la a ao thought to promote tonotption in 
feraa 0 

Eegarding its chemical constituents, the fruits weie 
found to give alkaloidal reactions corresponding to solanine. 
The dried leaves gave 20'7 per cent ash, containing a trace 
of an alkaloid and an astringent organic acid giving a green 
precipitate with feme salts (Pharmacopoeia Indiea, 5, 553). 

The above represents the work that has hitherto been 
done on the plant. The present work was undertaken with 
a view to systematically analyse it. 

The dilute HCl extract answered to all the colour 
reactions of an alkaloid with the usual alkaloidal reagents. 
Alcoholic extract gave a beautiful crystalline solid which 
was suspected to be the alkaloid or the active principle and 
therefore, a good amount of the plant was analysed. This 
product was afterwards proved to be potassium nitrate. 


Expjebimental 

About 100 gms. of the dried plant was taken and well 
chopped into small pieces and made into as fine powder as 
was possible by mechanical beating. Tbis was then filled 
up in big Soxhlet apparatus and extracted by different 
solvents m the following order . (1) petroleum ether, 
(2) chloroform, (3) ethyl acetate, (4) alcohol- 

Petroleum ether ecetract — (1'6 per cent) dark yellowish 
brown oily mass smelling of chlorophyll. The dilute HCl 
solution of the extract was tested for the presence of 
alkaloid but the results were negative. 

Chloroform extract. — (1’4 per cent) soft, greenish yellow 
waxy extract admixed with a little oily material, Properties 
similar to the above- 

Ethyl acetate extract . — (0 8 per cent) pale greenish 
waxy material The dilute HCL extract gave a few tests 
for the presence of an alkaloid which could not be definitely 
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'^i^E^^^^I|r)a1i#hing pure could be isolated from the 

— (12 per cent) pale greenish, sticky 
sol^^ift&iffTekling’s solutions very rapidly. Small por- 
tion vras dissolved in dilute HGl and the solution answered 


to all the tests of alkaloids with the usual alkaloidal reagents. 
On dissolving the entire product in alcohol and after allowing 
it to stand for some time, beautiful white silky needles were 
separated which were filtered and recrystallised. The total 
yield of this crystalline product was 1*5 per cent. Very 
soluble in water. Does not melt at all. The combustion 


lesults showed only traces of carbon but contained nitrogen* 
It was tlien finally identified to be potassium nitrate. The 
alcoholic extract did not contain anything other than 
potassium nitrate and chlorophyll. 

Attempts were made to prepare the lead salt in water 
extract of the plant and to obtain some solid product from 
lead salt by the decomposition of it by H 2 S, but the lead 
salt on decomposition with H 2 S and subsequent evaporation 
of the liquor gave brown sticky syrupy mass which could 
not be crystallised. 

Examination of the ash . — A small portion of the dried and 
powdered plant was burnt in crucibles. The total ash amount- 
ed to 10‘5 to 10*8 per cent. The soluble ash was about 8 per 
cent. The soluble portion was tested for inorganic radicals 
which showed the presence of magnesium, calcium, potassium, 
traces of iron, nitrate, sulphate and traces of chloride. The 
insoluble portion was mainly silica and some alumina. 

Estimation of sugars . — ^About 50 gms. of the plant were 
boiled with distilled water exhaustively. The extract was 
clarified with lead acetate solution and the filtrate and 


washings were made to 1000 c-c. On titration with Pavy’s 
solution, it was found to contain 1*6 per cent, of total 
reducing sugars on hydrolysis and 0*8 per cent wittiout 
hydrolysis. 
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Enzymei. About 100 g-ms. of the p ant (fintffy ■p^)ifr3ere<f) 
•were taken in a flask to which some disti^lied water -iffs 
added and kept for two to three days. After fi)trat^n alcohol 
was added, which precipitated a brownish coloQfied 'solid 
mass amoanting to about 0'5 per cent. The plant, therefore, 
sho'ws the presence of some enzyme eren when it is perfectly 
dried. 

The entire chemical eKammation of the plant did not 
give anything else which is interesting- It appears, that 
potassium nitrate which is present to the extent of about 
2 per cent in combination with the traces of alkaloid may 
be said to be the active principle, and the medicinal pi‘o- 
perties of the plant may be dne to its presence. It is well 
known that potassium nitrate is an excellent diuretic. 

3. FXJMAEIA OFFICINALIS 

Fumaria officinalis (shaheterah ; Pitpapra in Hindi) of the 
natural order Fumareiaceee is a herb very common m India. 
The dry plant is generally much broken up; mixed with it are 
many globular, smooth indehiscent capsules, the size of a large 
pin’s liead; seed single, dark brown, crested, odour hardly 
any, taste bitter, slightly acrid and astringent. 

Several species of this family have long been used 
medicinally on account of the diuretic and the alterative 
properties. It is known to remove heptio obstructions, 
aparient and expellent of the humors but more specially of 
atrabiiis. It is also a laxative and is beneficial in dyspepsia 
depending upon torpidity of the intestines and in scrobulous 
skin affections. 

As regards its chemical examination, it is supposed 
to contain fumaric acid and a base known as fumarine 
observed first by Peachiei* and more fully described by 
Hammon [J. Chem. Med., (3) YIII, 705]. The plant contains 
5 to per cent of the base to which the plant appears to have 
its physio ogical propertaes. It is separated from its sa ts by 
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cauBtie alkalis or thoir carbonates in t le forn of cnrdv 
precipitates wliicli may be obtained as crystalline b’t 
spontaneous evaporation of its hot alcoholic solution- 
According to Preuss, fumarine crystallises in irregular six- 
sided monoclmic prisms, soluble m alcohol, cblorofoiin, 
sparingly soluble m water, insoluble m ether. Its composi- 
tion has not yet been determined 

So much IS the amount of work that has hitherto been 
done on this plant. The present author was tempted to put 
the entire plant under systematic chemical examination on 
account of the large amount of organic base (5 to 6^) 
present in it. After a nuiabcr of preliminary experiments 
a systematic extraction of the entire plant was performed- 

Experimektal 

About iO gins of the dried powdered plant weie 
extracted by dilute HCl. The extract was dirty red m 
colour, which was decolorised by animal charcoal. To 
diflforent portions of this HOI extract, solutions of sodium 
carbonate, canstie potash and ammonium hydroxide were 
added The precipitates were then separated off by filtra- 
tion. The precipitates were then again dissolved in dilute 
HCl. The original HCl extract, the filtrates from the three 
fractions and HCl solution of the precipitates were all pul 
to various tests for alkaloids- The original HCi extract 
and the filtrates (after being made acidic) answered to the 
piesence of an alkaloid. The HCl solution of the precipitates 
did not give any alkaloidal reactions- 

These experiments go to show' that the precipitates 
obtained by the addition of solutions of sodium carbonate, 
caustic potash and ammonia did not at all contain anv 
alkaloid. The precipitates on extraction with alcohol wmre 
found to contain no organic product. They were finallj 
identified to he purely inorganic and are, therefore, the 
hydroxides and carbonates of some meta s 
F E 
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A few graniB of the dned p ant iivere exhaustive y 
extracted with distilled water. The lead salt was then 
precipitated by the addition of a solution of lead acetate. 
The lead salt on decomposition by HgS and consequent 
evaporation of the solvent to dryness yielded a syrupy brown 
sticky substance which could not be crystallised. The 
mother liquor also after removing the excess of lead on 
evaporation to dryness yielded a sticky substance containing 
large amounts of free sugars. 

From another fraction of the water extract, tannic acid 
salt was precipitated. The precipitate was then mixed with 
lead carbonate and tlien was extracted witli alcohol. No 
alkaloid could he recovered on evaporation of the alcohol to 
dryness. 

About 100 gms. of the powdered plant were exhaustively 
extracted with water. The mother liquor on evaporation to 
dryness yielded a browm solid amorphous powder which 
amounted to about 29 gms. It smelt strongly of sugars and 
reduced Fehling's solutions immediately. About 10 gms. of 
this solid were then extracted by the following solvents; 
(«} petroleum ether, {h) chloroform, (c) ethyl acetate, 

alcohol. The first three solvents did not give anything 
other than little waxy material. Alcohol, however, exti acted 
some brown stuff which contained sugars in majority. The 
dilute HCl solution of this alcoholic extract answered to all 
the alfealoidal reactions ; but the isolation of the alkaloid in 
free state could not be achieved. 

About 100 gms. of the powdered plant were systemati- 
cally extracted in a big Soxhlet apparatus with the following 
solvents : 

(1) chloroform, (2) ethyl acetate, (3) alcohol. 

Chloroform extrmt — (4 %) serai-solid, deep green wax- 
Smelling of chlorophyll. A dilute HCl solution ofthis showed 
the presence of some a'baloid in minnte traces. 



tiliJliCAL ..aAKUiA'UON op some molAK MEDICDTAL PLASlfi do 


Eihyl aceiaie extract (1 %) soft greenish waxv material 
properties similar to above- 

Alcoholic extract. — (13%) deep dark brown solid; 
smelling of charred sugars. Reduces Fehliug’s solutions 
immediately. No coloration with feme chloride, faintly 
acidic to litmus- The dilute HCl solution of the extract 
showed the presence of a small amount of alkaloid. The 
majority of the extract contained sugars and resins. 

Estimation of Ash . — Contains 20'9 per cent total ash. 
The soluble portion amounts to 14 per cent. On analysis of 
the soluble portion for the inorganic radicals it showed the 
presence of calcium, potassium, sulphate, magnesium, and 
traces of chloride. The insoluble portion was mainly silica 
and alumina. 

Estimation of sugars . — The water extract of the dried 
plant on clarification by lead acetate solution was titrated 
with Pavy’s solution. The total sugars amount to (77 to 
8 per cent). 

It will be apparent from the above account that the 5 to 6 
per cent of the base obtained by Hammon from the hydro- 
chloric acid salt by caustic alkalies or the carbonates are 
nothing else than inorganic hydroxides and carbonates of the 
metals such as calcium, magnesium and aluminium- The 
curdy precipitates described by him do not contain any trace 
of organic matter since it did not give any stuff on extraction 
with alcohol or any other organic solvents. 

The author expresses his best thanks to Dr. S. Dutt for 
his invaluable guidance throughout the present investigations 
and to the Kanta Prasad Research Trust for a scholarship 
which enabled him to take part in the present investigations. 
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ON THE ORIGIN OF THE SPARK LINES 

IN THE X-RAY SPECTRA 


BY 

J. B MUKHERJEE, M Sc., 

Research Scholar. Physics Department. 

Siegbahn and Stensti'om^ discovered as early as 1916 
that tlie Kn lines of light elements are accompanied on tbeii- 
shoi't wav© length side by some faint lines, the origin of 
which could not be explained. Since then, a large number 
of investigations have been made to decide the nature 
of these lines. Siegbahn and Doljsek^ showed in 1920 
that there were five lines accompanying the Ka line of 
elements Na (11) to K (19). Later researches by Coster,® 
Hjalmar/ Siegbahn andLarsson,® Thoraeus,® DruyTesteyn/ 
Lindberg,® Hichtmeyer,'’ have proved that the satellite 
phenomenon is quite general and that most of the strong 
lines in the X-ray spectra (Kaj, Kgj, Lai, Lg, , L/s^, La,,Ma) 
exhibit it The chief characteristics of these satellites are 
the following : 

(1) They generally accompany a strong line towaids 
the short-wave side although some satellites to the 


^ Siegbahn and Stenstrom, PJiys Zeit., 17, 48, (1916). 

® Siegbahn and Doijsek, Zeit fur PJiysik, 10, 59, (1922). 

^ Coster, Phil Mag , 44, 456, (1922). 

^ Hjalmar, Phil Mag , 41, 625, (1921) 

' Siegbahn and Laisson, Ark fiir Mat Astr och Fysik 
Band 18, Nr. 18 (1924), 

" Thoraeus, Phil Mag , 2, ll07, (1926) 

’ DniyiT-esteyn, Zeit fur Physik, 43, 707, (1927) 

® Liindberg Disscrtaiiona Upeala University 
R ohtineyer Phya Rev 34 o74 1929 
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lon^rwave eido a.re also known eg I y hne of 
some elements while Ks, line of others have 
satellites to the long waveside. 

(2) Coster’ in 1922 and Backlin® in 1924 have 

shown that these lines require a higher excitation 
potential than the diagram ime which they 
accompany - 

(3) That the difterenee m frequency between the 

satellite and the parent line is of the same order 
of magnitude for the different elements and 
different senes, 

(4) These satellites are broad and diffuse and it is 

quite likely that a higher resolving power of 
the spectrograph will reveal a structure in 
them. 

(G) There seems to be an upper limit foi elements 
which show satellites m a particular series ; for 
examplej the Ka^ line has not been found beyond 
As The satellites Ka, and Ka„ have not been 
found beyond CL The satellites of the L-series 
fibow a similar behaviour. These facts are dealt 
with in a later part of the article. 

WentzeBs Theory. 

The first attempt to explain, these lines was made by 
"Wentzer" in 1921. He suggested that the satellites are 
due to multiply ionised state of the atom. When the 
atom is doubly ionised, the charge on the nucleus increases 
because of the change in the screening ; and hence radia- 
tions of still shorter wavelength are emitted. The chances 
of an atom becoming multiply ionised are smalt and 

* Coster, PMl Mag , 44, 456, {1922). 

® Bkoklm, Zeii fur Ph'gsiJt, 27, 30, (1924) 

’ Wentzel Ann der Phgsik 66 437 1921 
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the mtonsity of the satel ite is sma 1 lus 
Wentzel, the X-ray satellites stand m the Bame 
diagram lines as spai-k lines stand to the are 
optical spectra. Wentzei gave a scheme 
) of which lie explained all the satellites of 
tmyvesteyn, some years later, explained other 
a the L-series in a similar manner. 

Table 1 


Oei&in 


Inituil Stale 

Fiaai Sscite 

Kind 

KL 

L* 

1 

1 Second 

} 

K" 

1 

KL 

\ 

Second 


Z*L 

1 

Third 

! 

KL" 

L" 

1 

Third 

K=L 

KL* 

Tliird 

1 


ns that the K-shell as well as the L-shell is 
i. 

ws that the K-shell is singly ionised and the 
iibly ionised. 

means double ionisation, and third means tviple 

supposed that each spark line results from one 
ply ionised state of the atom, and in order to 
ive lines acGompanying the K line he takes into 
doubly ionised, and three triply ionised states of 
lus Kaj results from the transition from a singly 
3 1 and a singly ionised L-sbelltoa donb'y ionised 
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I^ahe 1 Hence its ongin is lenotud by KT The figure 

below js an explanatory diagram of Wentzel’s scheme. 


L 



The lines K^i Ka , and originate from those 

i I> 

initial states of the atom in which the K-shell is singly 
ionised and hence s ~ “ “s- 

Again, Kaj and originate from those initial states 

of the atom m which the K-shell is doubly ionised, and 
hence the atom behaves as though it has the next atomic 
number. The conclusion is 

These two deductions are the chief arguments in 
support of Wentzers theory. Wetterblad’s’ measurements 
made in 1927 supjiort the above relatione within experimen- 
tal errors. Hiuyveateyn,^ arguing on similar grounds, pro- 
posed that the origin of the satellites of the Ks, line can be 
ascribed to the transition KL^LM Further, as 


(KL) = 

K + ko-i 

and (hiM) = 

L + M , , 

S S-TL 

he obtains (KL — 




or in other words 


(b"~ 6 



* Wefeterblaci, Zed fur Physth, 42, 611, (1927) 

* Dniyvesteyn Zeii fur Fhyaih 43 “07 (39 7) 
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Tins curve when plotted does not tally exactly with the 
curve obtained experimentally. It is quite clear that 
Wentzel’s theory may have some points in its favour, but it 
cannot explain the whole phenomenon in a satisfactoiy 
manner. At the tune when Wentzel gave his theory, Pauli’s 
principle was not known and compiex spectra were not under- 
stood. We know now that the ionised states postulated by 
Wentzel will give rise to far greater number of Jines than have 
been discovered. Moreover, the K-level cannot be triply 
ionised, for m the noimal state of the atom there can be only 
two electrons m that shell The chances of an atom being 
ionised triply are veiy small and so it cannot account for 
Ka„ and Kag lines which aie fairly strong. Many workers 
have pointed out that Weatzel's suggestion in its original 
form IS untenable- Several other suggestions have been put 
forth and in all these the main idea of Wentzel about multiple 
ionisation stands intact. Another important point conclusively 
established by Backlin^ was that the excitation potential of 
these lines is much less than double the excitation potential for 
the diagram lines which is demanded by Wentzel’s theory. 

Before dealing with alternative tbeoiies, it is very 
important to discuss the fact as to how the atom comes to be 
in the multiply excited state and what the mechanism can be, 
Wentzel’s original suggestion was that the multiple ionisation 
occurs when the atom is successively bombarded by two 
electrons. Eosseland'* in 1923 dealt with this question from 
the theoretical point of view and came to the conclusion that 
the life in the excited states of the atom is very small and the 
probability of its encountering another cathode particle is 
too small to account for the spark lines. 

Backhn^ showed that the intensity of the spark lines 
increases linearly with, the current instead of varying as the 


' Baoklm, Zeit fur Physih. 27, 30, (1924) 
Rosseland, Phil Mag., 45, 65. (1923) 

* Baok ra Zett fur Phystk 27 80 1924) 
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square of the current Hence on the theorelica) as well as 
practica {^rounds the Huccessive encounter theory la untonab e 
Proceeding from Thomson’s ionisation theory, Rosseland 
showed that the probability of two electrons being dislodged m 
a single encounter wa.s of the same orderof magnitude as would 
explain the observed intensity of the spark lines- Druyve- 
steyn^ attacks the problem in the same manner but instead 
of supposing that two electrons aie knocked out m a single 
tncountpr with the same cathode particle, he assumes that the 
two electrons are removed in successive encounters. 

The argumeMs m favour of Bos^'elfind’s^ view are 
The excitation potential must be considerably higher in 
the case of spark lines than in the case of diagram lines 
accompanying them- Backlin" in 1924, and Ricbtmeyer^ and 
Jesse Du Mond in 1930 have proved it experimentally. But 
whether the excitation potentials of spark lines correspond to 
the sum of the excitation potentials of the levels excited is 
a question which is difficult to answer, for the experimental 
difficulties are enormous and have not been overcome. 

The arguments against double ionisation in singU collision 

are : 

(1) From optical spectra there is no conclusive evidence 
that two electrons can be ejected in at one 
encounter. Groudsmit and Pauling"' have deduced 
some general conclusions regarding the simultane- 
ous transition of two elections. They are identical 
with the rules holding in the optical spectra ; it 
amounts to saying that of the two transitions, one 
should be allowed, the other should be forbidden. 
But numerical values for such transitions have 
not been obtained. 

' Druyvestejn, Zeit fur Phys%k, 43, 707, (1927). 

* BosaeJand, PMl. Mog , 45, 65, (1923). 

* Backlin, Zeit fur Physih, 27, SO, (1925). 

* Riehtoeyer and Jesse Du Mond, Pkys. Eer. 36, 1044. (1930) 
GoudBmit and Pauling Structure of Ltns Spectra p 90 
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I espcnments on the product on of optical spectra 
by Franck’s method of cathode ray bombardment 
it IS known in many cases that inaltiply charged 
ions are produced and tiiey appear to be produced 
in single encounter, but this has not been cleaily 
established.’ 

-’his phenomenon should show itself in the absoip- 
tion also where we expect a discontinuity at the 
place corresponding to the eneigy lequired to 
leiuoYe tw'o electrons at the same time. Seveial 
observers have studied the absorption epeotruni 
With this end in view It is well known that 
when a beam of continuous X-rajs is passed 
through matter the resulting spectrum sliovs 
absorption discontinuities at the limits o£K, h, M, 
N . . series. They are due to the removal of an 
electron by the photon from the K, L, M, N, 
shells. A question now arises that if a photon is 
capable of removing two electrons simultaneously, 
say, one from K-shell and the other from L-shell, 
there should be an absorption discontinuity at 
r = approximately 

Such an absorption discontinuity has not been clear- 
ly established, though from time to time several 
investigators announced the existence of the pheno- 
menon. Coster and Van dor Tank ® tried it in argon 
but with negative results, Wentzei® reported that 
Siegbahn has observed the phenomenon but the 
latter never published anything about it, probably 
because he could not prove it conolasivel} 
Eichtmeyer^ experimented with Sn, hut did not 


ney, Phys Bev., S6, 1303, (.1930) 

” and Van der Tuuk, Zeit fur PhysiTc^ 37, 367, (1926 J 
zet, Zett fur Physik, 31, 445, (1925) 
neyer Phya Bev 27 794 fl9'’0) 
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coiae across the expected discontmuitv m the 
absorption apectrnm- 

From a discussion of values of absorption cooffien'nts 
for Cu over a wavelength region extending' fiom Kto half the 
value of Iv-region, Alexander^ in 1927 siioived that an absoip- 
tion discontinuity occurs at approxiraatoly half the K- limit. 
Tins was subjected to adverse criticism by Pdehtmeyer.® At 
the presem time it does not appear that the presence of such 
absorpticu disconUuuity at the wave-length cm responding to 
KF, KL, JJj, LM, etc., has been definitely established. But 
we may point out tiiat the difficulty of observing such a phe- 
nomenon has not been properly appreciated* It ts well known 
tSiat tlie value of the discontmmtv at the K-lunit 


+• 


'^n 


8 = 




where is the number of photo-electrons released from 
K-shell and sMj, is the number of electrons released from the 
L-sholl. The discontinuity makes itself felt at the K-limit. 
Because as long as v ig less than =0 Now the 

extent of the discontinuity will depend upon the value of 
w^or on the number of photo-electrons released in tlie new 
process that has come into existence. If this is very feeble, 
ihe discontinuity may not be observed at all. Foi example, 
m the Li -discontinuity, we have 

s = ^ ^ =r20 

”a. 

In these cases the discontinuity may not be observed at all 
and actual experience tells us so In the case which we 
have got m view, the value o£ the supposed absorption 
discontinuity at r = 2 , ive shall have 

^ Tr7-'4' y 




^ Alexander, , 4, 670, (1927), 

Bichtmeyer Phil 6 64 (1998)- 
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T lYti ne of 8 Tvil] depend onnKK t o namber of procTsaes 
m Tivluch iwo K-elecirons are ejected simultaneousiy. 

On priori grounds, therefore, the probability is small, 
0 will be app ro Sima tel V unity, and unless very sensitive 
apparatus is used it is not possible to establish the existence 
of Bueh discontinuity to the satisfaction of everjbody. 

A very important experiment was done by Coster and 
Drnyvesteyu^ on the origin of spark lines. This was the 
wmll-known method of fluorescent excitation. It is known 
that when an element is irradiated by X-rays of euflicient 
high frequency, it emits its own characteristic frequency. 
The condition is that the frequency of the irradiating radia- 
tion should be higher than if we want to get the K-spee- 
trum of the element Coster aod Drujwesteyn illuminated 
lion target by Cu Ka radiation and found that not only the 
diagram lines Ka,, a^, Kp, are excited but the Ka, is also excit- 
ed. If we assume that this is a spark line this experiinent 
clearly proves that the incident of copper removes two 

electrons from Ki andL] in one single stroke but alternative 
explanation is also possible as lias been done by Coster and 
Drayvesteyn. It may be that the CuKa releases one K-elee- 
tion from iron and imparts to it the remaining part of the 
energy ; -J m r ^ a. “ 

The electron as it passes out from the Kj- level knocks 
out another electron from the L- or M-level, and thus pro- 
duces double ionisation The process is thus analogous to 
that of internal conversion of gamma rays as wmrked by Ellis." 
The intensity of the spark line should then vary with the 
fiequenoy of the exciting radiations in a way regarding 
which guidance may be obtained from Eihs’s theory of 
internal conversion. In many other ways the experiments 
of Coster and Druyvesteyn can be improved. For example, 


Coster at.d Driiyvosteyn, ZeU fur Phyi,ih 40, 76"), 1927. 
* PU-b Free Roy Sioc A lOo 185 1924 
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it can afford as ^aluab.e information regarding the uimmuin 
excitation potential required for the production of different 
spark lines. 

For example, if Ka, is produced as a, result of double 
ionisation consisting in the removal of one electron from K, 
and another fromLi, the minimum value of the exciting 
frequency should be v/R~ 577'4, in the case of iron as 
shown belowu 

Pe K,- excitation level = 524'0 

Ih I II ~ '>3 4 

K] 4- Li exouafion = 577*4 

Hence Ha, should be excited only when Fe is irradiated 
by Hi Kfi whose v/R value is equal to 608'7 but should not 
be excited when Fe is irradiated by Nt Ha . for I'/R in this 
case IS 550. 

From considerations to be given later, all the satellites 
may not have the same origin ; Ka„ Ka, may be due to single 
ionisation in Ki- shell, and single ionisation m Lj- shell, but 
Ka„ Ka, may be due to double ionisation in the K- sliell 
This hypothesis can be tested by Coster and Druyvesteyn’s 
method. If our theory be correct Ka^, can bo produced in 
fluorescence when the irradiated radiations have double the 
vg/R of iron- It cannot be produced by the Ka, radiations of 
elemeats from Copper up to Sr, but can be excited by 
Strontium Kbi 

Vk,/R of Fe = 524 

2v/R of Fe = f048 

i^Sjj/RofSr = 1166 

Note — For the«e Figures see Lmdh’'^ coatnbutioa in die 
Nandhiich der Experimental PhysHt, XXIV — 2, page 2,42 

There arc certain evidences of an indirect nature regard- 
ing the simultaneous ejection of two electrons by a single 
photon in Robimon’a ^ experiments on the magnetic spec- 
trum of photo-electrons released by X-rays- The nature of 


Robinson Free Roy Soe A 128 ^ 1930 
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these experiments are well known Kadiations of some 
elements are allowed to fall upon a metallic plate. Under 
the action of these rays, photo-electrons are given out whiclt 
are analysed by means of a magnotic field such that photo- 
electrons of tlie same velocity are focussed at one point of the 
photographic plate. By knowing the radius of cur vatu le of 
the path of the electron from the geometry of the apparatus 
and also from the value of the magnetic field used we get 
the velocity of the electron. In this way, the energies of the 
photo-electrons can he studied. If we subtract the energy of 
the photoelectrou so obtained from the energy of the radiation 
used we get the energy requiied to dislodge the eiectron 
from the level which contained it. This value must agree 
with the characteristic level values obtained from X-ray 
spectroscopic data. 

But Robinson has obtained some faint lines which 
cannot be explained as being due to the release of a single 
electron from any known levels. 

It cannot be proved from Robinson’s experiments that 
two electrons are simultaneously ejected, one from L-shell 
and the other from M-sheli But against this hypothesis we 
may suppose, in a way similar to Coster and Druyvesteyn. tnat 
the quantum releases an electron from the L-sheli and imparts 
to it the energy 1353. As it goes out, it knocks off anothei 
electron from L, or any other upper levels in the samewmy as 
in Ellis’s internal conversion. There seems to be no criteiion 
in Robinson’s experimental results which can enable us to 
decide between the theory of simultaneous ejection of two 
electrons by a photon or a bombarding electron, or the 
theory of single ejection and internal conversion. 

Alternative Theories of the Origin of Spark Lines. 

(1) B. B, Ray’s ^ theory based on theory of complex 
optical spectra. 

B B Kay Fh%l Mag 8 77’ IB 9 

F 7 
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linger B* modification on B B Rij b theory 
Richtineyer s* double jump theory. 

ay’s Theory. 

the sup:gestion of Prof. M N. Saha,'* B. B. Ray first 
the principles of complex optical spectra to explain 
pnof these lines, but all the points could not be cleared, 
■ently an alternative theory on the same lines has 
oposed by Banger In the following discussion we 
ourselves to the K spark lines. 

'cording to B B ray, the mechanism of production of 
nes is as follows: The bombarding electron removes 
dow one electron from Kj , the other from hi. The 
ition of the inner incomplete shells is now U. 2 s 
the terms ^Sq, ®Si Then an electron jumps from 
The electron constitution of incomplete shells is 
j 2 pB These give us the spectroscopic terms 
3,12. Hence we should obtain the following multiplet. 

'P ’Po ’P, 


;; 

a a,, 


le arrangement of the lines in the form of a multiplet 
to B. B. Ray. 

3 — Sometimes a sixth line close to a." but distinct from is 
ed by a! has been obtained. 


longer, Phys. Bev. 37, 4o7 (19^1) 
hchtmeyer, PhiL Mag., 6, 64 <1928) 
aba and Raw Pity Zeti 28 221 1927 
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The process may be described by the symbols now in use 

Is*, 2s. 2p'^ 4- — Is. 2s 

‘P, »S,, "S, 

^ Is — '2p J 

While this theory explains a few features of the spaik 
lines it does not explain why we get 5 lines in place of 6 spark 
lines which are expected. It may be mentioned that Dr. G- B. 
Deodhar,^ working in Siegbahn’s laboratory got a sixth hue 
between ^5 and “g in silicon, and denoted it by “7. But it 
is not clear why silicon alone should show this line, and 
not the other elements. Deodhar also showed that «3 is 
a close doublet. 

Danger proposes that the origin of the lines may be 
represented by the following symbol : 

ls*2s2p® < — ■ Is2s2p‘' 

'S. "S < — ’P *P. 

This is merely B. B. Bay’s theory repeated, with the 
addition that ^Pojs is regarded as a single term, the 
differences being too small for observation. According to 
Danger the intercombinations do not occur, hence this 
transition accounts only for two lines 



'P, 


*So 


— 

^s. 

— 

“1 


The other lines are supposed to be due to the process : 
Is* 2s“ 2 p^ < — Is 2s* 2 p’’ 

3 p, = p » So. ' D, * P 


Deodbar Proc Roy 800 A 131 6d3 1931) 
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( e. the bombarding electron kn icks out one electron from 
K] and one fiora and tl en ono o ectron lumps from tl e 
L 2 level lo K, giving to the configntation 2p^'. 

Again, we count the three terms of as one terra, and 
suppose that the intercombmations are absent. We obtain 


ip 


3p 


'So 






y 


*P 


X 


There is a very important point which none of these 
theories have sought to explain. It is found that after 
sulphur, *5 and «6 lines can no longer be traced dis- 
appears after Ca rather it becomes merged m «3 and ultimate- 
ly as is the only line to persist. This has been traced up 
to As [Vide, however Coster and Druyvesteyn Under 
ordinary circumstances, “3 is the strongest line having 
approximately of the intensity of “1 while »r; and are 
very famt. 

Light on. this point is thrown by the experiments 
of Backhn on the excitation potentials of the spark lines 
of Ah According to Wentzel’s original suggestion, two 
electrons are to be ejected from the Kj-level for 
exciting the spark lines called 04 . The minimum excita- 
tion potential should therefore be at least double the 
excitation potential of the K-lines. For AI, this is nearly 
1,500 volts, and Backhn found that ©4 appears at a much 
lower voltage than the minimum voltage calculated from 
Wentzel’a theory, ; in fact it appears when V is about 
1,700 volts. He concludes _that this result is distinctly 
against Wentzei’s suggestion that both K-electrons have to be 
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for exciting certam lines ot sj ark Bpectruu 
point B. B. Ray’s theory is helpful, as the excitation 
il of spark lines should exceed the excitafiou 
il of K-lines only slightly, namely by Yi, where 

= and Vl for A1 js only about 100 volts. 

it a closer study of Eacklin’s paper shows that the 
ag lines come out Srst as veiy faint lines, only wdien 
itation potential is 2,900, ^<e., about doable the K- 
il, In Deodhar’s experiment as well, the lines 
oe, appear as xery faint lines compared to “c and 
lese considerations and disappearance of 05,05 after 
led me to the hypothesis that the origin of the two 


lines is probably different, 

a 3 and 

«4 are due to the 

2 s. 2 p' <— 

1 s. 

2 s. 2j}'' 

1 s. < — • 

2 p 



’So 

3 S> 

ind «c are due to 



IS* 2 S 2 p* < — 

2(^r 

2{p)" 


’P 'S, 


the second process the bombarding electron carries 
oth electrons in the K-shell, leaving the constitution 
‘p'’ Then two electrons simultaneously jump one 
2 p to t s, the other from ^ « to is. Thus one 
on is allowed, the other is forbidden. We thus get 

iS 


' P 


’ P 


0 . 


b 


hypothesis be correct, the actual frequency of “g and 
Id be in the region of double the frequency of the 
es, or the wave-length should be half. In other 


o4 
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words t 0 ines o-al pd and ag have been recorded in the 
second order T oir taintnesa and non ippearance for 
heavy elements are due to two causes. ( 1 ) As their excitation 
Ijotential should be double the excitation potential of the 
Kdines, the potential used in the heavy element was 
piobably not sufficient to excite these lines. Thus for Cu, 
the excitation potential for K-hnes = 9,000 volts, and 
excitation potential for “5 and “g should be 18,000 
vohs. If we want to obtain the lines sufficiently intense, 
with small exposure at least double this voltag'e ou^ht to be 
a=ied. In the expej'iments on spark lines, of elements aftei 
sulphur the voltage was probably kept low, hence the 
lines did not appear. (2) When we expose for the Ka 
region, as has been usually done. ls®.25.2p^ — - l6.26.2p® 
lines provisionally cabed (“g“4)aT6 exposed for the hist 
order, while the lines have approximately half the 
wavelength of K-lines, hence they are exposed for the second 
order. Hence even w'ith sufficient secondary voltage, they 
appear very faint. 

This hypothesis regarding the origin of the several 
spark lines may or may not explain all facts but it suggests 
the existence of a new class of characteristic lines (to which 
the author was led also from another independent line of 
reasoning) which owe their origin to the simultaneous 
ejection of two electrons from any shell, and simultaneous 
jumping of two electrons from some outer shell to fill up 
these vacant positions. Such lines will have approximately 
double the frequency of the usual diagrammatic H-and L- 
Hnes, and their structure will be similar to complex 
spectra in optical spectroscopy. The existence of such 
double transition L-lines in Tungsten has already been 
demonstrated. 

My most sincere thanks are due to Professor 
M. Saha, D.So., P.R.S., for suggesting me to write this 
artic e and the active help and advice given in writing it. 
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Tabjk III 
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3434 6 
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BOSS 4 

296 61 

3079 7 

296 80 
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296 92 
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299 33 
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330 41 
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363 30 

3600 7 
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NOTE ON BESSEL FUNCTIONS 

BT 

V L MUrATKER, 

Research Students Mathematics Department. 

In Article 1 of the present paper some expansions in 
terms of Bessel functions are obtained and in Article 2 
certain integrals involving Bessel functions of zero order are 
evaluated. 

1. Certain Expansions in terms of Bessel Functions. 

It is known that* 


kz (^“ y ) 
e 



( 101 ) 


Differentiate (1.01) with respect to t and put 


z, si 


^ze 




Equating real and imaginary parts, we have, 

5 a [cos (« sin5) + oos (s sm 0—2$y] 

CO 

= 2 ^ ( 2 ) [oos(»-l)fl+(-)«-i oos {n + l)9] . (1.02) 

1 

And 

i z [sm (2 sin 6) + sm (2 sm e—2e)] 


00 



nJfi (s) [sm (m~ 1) (“)“”^sin (» + l)^] 


. . .(1,03) 


* Whittaker and Watson, Modern Analysis, Fourth Edition, 
p. 355. 
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Differentiate (1.02) twice with respect to 9 and put 
^ = 0. We have, 

CO 

s [s“~2(s-l)]= 2 «[(«-!)’ + (1.04) 
1 

Differentiate (1.03) with respect to B and put ^—0. We 


have 

cc 

i ( 2 - 1 )= (— ( 2 ) . 

1 

2- Evaluation of Certain Definite Integrals. 

From the known resolf^ 

cc 

Fora3)=~2 cos {x cosh ii) du 
we have 


(1.05) 


W, (oa:) — — 2 COS (a«: cosh ?i) du . (2.01) 

integrate 


Multiply both the sides of (2.01) by ^ 


between the limits 0 and «. Then 

oc oc OO 

p Fij (gX) / cjg F 

(l + a“)“ d<i~ — 2j^ (m-a”)" COS {a® cosh m) du 

Changing the order, this becomes 


09 oc 






X 


But / da: = Jr_(l+OT)e-“ 

(l+iS) 4 


Therefore, 


to 00 

f f (1+fl? cosh «)§-*“<**“* “ du 
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which by Tirtne of tiie formnia 


Ku {x)' 


cosh n 4> ^ * cosh 4‘ 


becomes 


f Fo(. 

Jo 


Z£i^ da=-~ 2^ [KM+osK, fa;)} 


But it has been proved that'*’ 


^Koix)^ 


Therefore (2-02) gives 


Y'o (aX) 
(i +a®) 


- ,r xJCi (x)= f . J- - yo (aa:) da 

Jc ^ 


(402) 


( 2 , 03 ) 


Other results proved in the same way with help of the 
following integrals, 


dx = 4 i (m’ + 3 m + 3 } 

{l + a:“)^ 16 


QOS ^ 44 

+ 96 


e ^ ^15 + 15 m 4 ” 6 J 


X (ivW * = - f 


+ (3 + ^) ,^0 (®) ] ( 2 . 04 ) 


X- Z, (a;) = 


4 fl- 3 a^)-a;”“ d+a’ 

(i+aT 


Yo ictx)da ( 2 , 05 ) 


* Quarterly Jcwmal Vol 42 
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b2 


f I± 

0 ( H 


{a a;) j _ '?! 
+ a’)" ^ ” 48 


[ 3 (5 + a:") IC^ {x) 


+ 3 33 (6 + S'] (as) 

+ 3 X. (x) + |- ^3 (a;) ] . 


(2.06) 


2.1. The integral 
It is kDOwn that 


a Jo (a x) 
(1 + 


da 


Jo (a as) 


= -/ 


SID (a z co&h u) da 
a 


(2.07) 


Multiply both the aides of (2’07) iiy inte- 

grate between the limits 0 and 
We have, 

cc o: cc 

J ( aJo {ax) , ^ f ada / _ 

„ (r+«'r . Jo jvTaTJo ''' * 

OC CC 

2 / , / asm (a X cosh u) _ 

= V .A * Jo ■~ a +? r — * 

on changing the order of integration. 

But 


X 

Therefore 

cc 

f Okie (a x) 

Jo {l+aT 


X sm mx 


TT 7H 

dx ==■ — me 

4 


da 


fX 


— ® cosh u 

cosh u e du 


4 (®) 


(2 08) 


In a similar manner, by the help of the integral 


X 


X sin m aj v , , . , -m 

n + ^ y ==T6 
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it can be shown that 

cs 

= li {x)^2xK,{xHx^K,{x)\ (2 09) 
2.2^ Product Formula} 

Multiply both the sides of (2.08) by Jo (»), then, 


K, [x) Jo {x) 


-L 


(l+a*) 


i Jo (ax) Jo (a;) . (2.10) 


By virtue of the known result 


Jo (b)Jo (y) 




{ J (»* + y^~-2 xy cos $) } d9 


we obtain from (2.10) 


-R 

f fW (1 + »■ 

—2 a oos <f>}} d4> 

By making the transformation 

~1 + a cos =■ p oos 9, a sin ^ ~ p sin 9 
a dot d4> is changed into p dp dO and 

we have 

oc 

^ TT f \ I ^ I f f p dp do Jo (xp) 

-5- K, [x) Jo (as) = — / / / „ 

2 TT Jo Jo (tfj T" p + COS u) 

But since 


f d6 aTT 

fo (od" & COS (a 6’)**' 


therefore 


\ r / % f pjo M <^p (2 + P*) 
K, (x) Jo (x) = (p-^ JyT^ 



Till' A 


Ai/ ujsit Diumj-3 


Putting p’ = 2 sinh ^ we get 


2 ; Ki (x) Jo sich ^) d4> 

(211) 

Similarly we obtain from (2.09) 

^ [x^ Ko (x) + 2 a; iT, (x) + a;' X, (x)l Jo {x) 


/ 


p[2 (9+p)*+ 4p“] 


(p’+4) 


Jo (;Sp) dp 


( 2 . 12 ) 
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A STUDY ON THE RESPIRATION OF FRUIT 

OF CARICA PAPAYA {VERN. PAFITA) IN 
RELATION TO CHANGES IN SUGAR 
CONTENT 

BY 

U. N. OHATTHRJI, B So (Hons.), M.Sr 
IN TRODUCTION 

The study of fruit ripemng from the biochemical point 
of view had long been neglected. But in the last few years 
much work has been done m this field especially with 
stored apples, eo that ail the possible aspects of the ripening 
and biochemical changes of this fruit have been thoroughly 
investigated. 

Archbold, working on the various problems of the 
upening of apples, came to the conclusion that their 
“growth as measured by dry weight proceeds at an increas- 
ing rate until the last month on the tree, when it is very 
slow. ’’ She found close correlation between ‘‘ starch and 
acid accumulation,’' and, that the “ soluble carbohydrate 
increase at first, remain constant while starch is being stored 
and finally increases rapidly ” This progressive conversion of 
starch into sucrose and finally into simpler sugars during the 
upening of apples has also been emphasised by other 
’ftorkers, e.g., Evans, Bigelow, etc., working on the chemical 
composition of pears. Emmett found that reducing sugars 
aecumnlate because of the rate of oxidation being slower 
than that of inversion, and that the “development of soluble 
pectin IS the chief factor concerned in the softening of 
the fruit.” 
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B ackmaa and Panja hare inyest p:atei into the reapi 
ratory changes of stored apples and found the rate of 
respiration increases towards their senescent phase. The 
cause of this rise is, according to them, “ the lowering ul 
organization resistance daring senescence. A study of 
the variations in respiratory rate and changes in the sugai 
content during the ontogeny of the fruit of Carica papaya 
has been made m this paper. 


MATERIAL AND METHOD 

The fruits of Carica papaya were gathered from a local 
garden. The size of the full-grown fruits mhueneed the 
selection of the tree beyond anything else as very big fruits 
would be difficult to manage, 'Weight, size and position 
on the tree were taken to be the chief factors determining 
the age and different stages of the ontogeny of the fruits. 
The colour of the fruits when fully npe was somewhat 
reddish yellow. 

For measuring respiration the well-known air- 
commutator devised by Blackman, with Pettenkoffei* tubes, 
was used The whole apparatus consisted of four parts. 

(1) A thermostat bath was maintained at a tempera- 
ture of 34''0 to 35°C. In it were kept the respiratory 
chambers which were wide-mouthed glass jars covered with 
black cloth. The month was fitted with a rubber-stopper 
carrying two glass tubes bent at rigid angles — one connected 
to air-comrautator and the other to another bottle filled with 
strong potassium hydroxide solution— to absorb caibon 
dioxide from tbe ingoing air-current. 

(2) The air-commutator is so well-known that it 
hardly needs any description. It is a device by which the 
respiratory current is automatically shifted on to tbe next 
Pettenkoffer tube after some -faxed interval of time Tins 
interval was three hours throughout this work 
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(3) Tiien there were the PettenkofFer tubes each filled 
with 25 o.c. of baryta water of known, strength with, about 
40 c.c. of water to absorb the carbon dioxide from the 
lespiratory current which bubbled through the so'ution 

(4) The Pettenkoffer tubes were connected to an 
aspirator wlucii droppel it a uniform rate, thus drawing in 
a slow and constant eurreut. 

The content of each Pettenkoffer tube ^vas poured out 
after the regular respiratory current had passed through it 
and titrated with standardised hydrochloric acid. The 
amount of carbon dioxide absorbed was calculated from the 
difference in the quantity of the acid used to neutralise this 
and 25 c.c of baryta directly- 

Tor sugar estimations a piece of the fruit was weighed 
out and then boded in water to kill the enzymes. The piece 
was then ciushed and the paste thoroughly mixed with the 
same water which was used to kill the enzymes The whole 
mass was then filtered by means of a Buchner Funnel, 
Lead acetate was added to the filtrate for precipitating 
tannin. This was filtered and the extra amount of lead in 
the filtrate was got rid of by repeatedly passing hydrogen 
sulphide. The surplus amount of hydrogen sulphide was 
boded off. The Tolume of the solution was measured and 
the amount of sugar was estimated by titrating against 
PaYy’s solution. For the estimation of disaceharides a 
known volume of the leaf extract was previously boiled 'svith 
about Ic.c. of concentrated hydrochloric acid and then 
neutralised with sodium bicarbonate. The difference between 
the results obtained with hydrolised and unbydrolised fruit- 
extracts multiplied by ’95 gave the amount of disaceharides. 

In all seven experiments were done and all were run 
for 96 hours. For starting an experiment three fruits of 
approximately the same size and weight were chosen— one 
wae washed with potassium permanganate solution and kept 
in the respiratory chamber for measurement of CO* output 
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cond was kept m reserve m another bottle in same bath 
connected directly to an aspirator and the remaining; 
was treated for sugar estimation. The second sugar 
mation was made from the reserved fruit after 48 hours, 
the third from the one kept in the lespiratoiy chamber 
1 96 hours, ie., after the termination of the experiment 

EXPERIMENTS AND INDIVIDUAL RECORDS 

It will be advantageous to examine the individual 
)rds of each experiment before passing on to the general 
nssion of the results. For only a study of the expen- 
tal data will bring out the points to be discussed. In all 
m experiments were done and the first seven graphs 
■esent the result of each experiment. In the first experi- 

Graph No. 1. 
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it (Graph No 1) the fruit waa very small weighing only 
4 giU6 Th .0 COg output begins at 10 mgs. and gradnal y 
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les down to lower than 4 mgs. The sugar content — 
h monosaccharides and disacehandes — is very small 
does not show any appreciable falling off. 

The same condition of things obtains in the second 
ph, although- hero the initial rate of respiration is lower 
n in the previous case and the amounts of both disac- 
rides and monosaccharides ha\e increased. 


(xraph No. 2. 
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In the third grapli the monosaccharides content has 
le considerably up ; but not so the disaccharides which 
lin very much the same position they were in previo-mly. 
spiratmn begins at a lower rate from the very beginning, 
1 goes on falling till after the sixtieth hour when it 
iins almoei a constant rate- But contrary to the fall in 
va ne that of sugar ifl not apprecia > e 
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Graph No 3 
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The same remarks apply to the fourth graph except 
the fact that respiration begins lower still and that the 
losaccharidea value is higher up, the disaccharides Tu- 
ning where they were before. 

Graph No. 4. 
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The same is the case in tlie next graph 'No. 5) with 
respiratory drift beginning lower still — almost so low" 
the CO 2 values constitute a line almost parallel to the 
zontal. The monosaccharide content has gone up slightly 
3 although the dieacchaiides leinain stationaiy. 

G-raph No 5. 
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Up till now the experiments done were mostly with green 
s which yield the same type of respiratory curve —the 
values being higher initially and coining down 
ually. The sixth graph presents a different curve. In 
experiment the fiuit, when introduced into the respi- 
y chamber, wms to all intents and purposes a green 
with only a small slightly yellowish patch on one 
Accoidingly the initial respiratory value is not 
ly way diffeieiit from the cases alieady described. The 
output comes down gradually for the first fifteen hours, 
begins to rise, and forming a hump comes down 
.rds the concluding hours to almost the same value as 
le beginning The naiimum aacent occurs about t' f 
" eighth hour and remains a most CAinstant tU the sixty 
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t hour after whio i descent co les about rat ler abrupt y 
0 yeilowisu piitoli iiad considerably luoreased. and. bad 
-en a deeper hue when the fruit was ("Ccunuied after the 
etsty -fourth houi. When seen after the forty-eighth hour 

Gfraph No 6. 
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Host the whole fruit was reddisli yellow arid soft and 
Ivcty to touch, and remained so when it was taken out 
ter the conclusion of the expeiiiiicnt. 

In accordance with the humped nature of the respira- 
7 curve, the monosaccharide content shows a corre- 
onding rise and fall, but the amount of disaceharides 
mains constant. The rise in the respiratory rate causes a 
avy drain on the simpler sugars which are oxidised and 
erefore more of the polysaccharides must be hydrolysed in 
der to keep pace with the accelerated oxidation p ocess 
id this may be the capae of its audden mcrease 
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k. quite ripe fruit was employed lu the seventh expen- 
nt. It was quite reddish-yellow at the time it was put 

Graph No. 7. 
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1 the chamber. The CO2 value begins at high level, ! 

lams almost constant for about twenty-seven hours, then 1 

a and becomes rather parallel with horizontal at about the ' ' 

heth hour. The amount of monosaccharides shows an 
ireciable descent corresponding to the respiratory drift 
1 so does also tiie disaccharide content but slightly. 

GENERAL DISCUSSION 
Comparison of the CO^ and sugar values. 

It has been seen previously that the CO 2 values begin 
ligher level and gradually come down except in cases 
ere factors connected with the ripening or the senescence 
the fruit influence the respiratory drift The descent 
the respiratory curve probably in p'ies starvation As 
the detached fruit the store of substances to be util sed 
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mat'tilo c pio ssisrjLior im toi to oont aue 
dt tlie lairiai rate iroukl ineau a spec ly dop c 
materuis. Aad as simpler sugars are tbe substai 
nariiy used in osidafeive processes, a liigli respu 
would nitarally leail to a rapid liydrolysis of t 
carbohydrates. The tirain on the iiinited 3fc^J 
make its oonaequeacc felt and therefore respir. 
would necessarily oome down Thus the gradual 
the CO2 output from the initial values indieaies tin 
to changed conditions of o-i.idative mate rm Is in 
the almost eonatant tate that follows it synchio 
physiological balance hotween higher carboliydrute 
sugais and their consequent oxidation. 

Kow, as reducing sugars are utilized in respit 
amount of such sugars lost dui mg a certain time s' 
an indication of CO 2 evolved. But the amount of 
culated from the quantity of sugar lost during ea 
ment falls far short of that of tiie GO 3 actually | 
except in experiment JTo. 7. Similarly, the loss in 
amount of sugar from the actual quantity of CO 
during each experiment la far in excess of the obsi 
of sugar. Tbe following table (No. 1) will make i 


Table 1 


Bxpeu- 

ment 

No 

' Total amount 
ot sugar lost 
; per gram ol 
material from 
obseivdtion 

1 

Calculated 1 
amount et sugar 
pea grain , 

rodteiial Iryni ! 
Co* given out. 

1 ! 

I 

I 6 Mgs 

1 

12 81 Mgs 


J'U ] 

12 84 

B 

6 

10 6j „ 

4 

4 

9 65 „ 

5 

y 

9'40 ., 

6 

10 

15 70 „ 

7 

22 ,, 

15-42 ,, 


Toldl amount 
of CO i given f 
uutpei gmnaoi^ 
materiaj from 
obtervauon 


IB 79 
1« 1 
IS 05 
H l5 
i;i bs 
28 03 
22 62 


Mgs 
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is anomaly is explfunel by the constant hydrolysis 
the higher to lower carbohydrates, and tiins raakino; good 
loss of the latter by respiration. 

The drift from the green to the senescent phase. 

The initial respiratory and tnonosHCcharnle and disac*- 
ande values of all the espernnent are plotted in the 
lo'VMng graph (No. 8). The various curves liave been 
-related to the age of the fruit, in the following way : 

The age of the fruit with which the first eNperiment was 
a ted IS taken to he zero. It becomes then easy to represent 
' age on the abscissa as the numbe'- of days that separate 

0 consecutive experiments is known It will be seen that 

1 respiratory drift begins at a high level with the green 
I immature fruit. It gradually descends throughout the 
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nod the fruit remains green but ascends about and at the 
le of npening 'Win e on tbe oi er band from the iinii ature 
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. tl e Btresc nt i aee t le inonoHicuhanie va. ue continuos to 
0 up and the disacchandes inciease for some time and 
eii remain constant- That the CO 3 output continues to go 
iwn and the monosaccharides go on dcourauiatingis strange 
of the fact that the latter are the chief materials used 
leapiration The possible explanation would probably 
nne from what Blackman and Parija have aptly termed as 
organisation resistance” — the protoplasmic control over 
e metabolic dux. Or, it may be that some other internal 
ctor, probably the respiratory enzymes, is limiting , or the 
srious products of the biochemical reactions within the 
ituring fruit act as depressant. It may be that these 
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gether hold the oxidative process in check, or that singly 
ey are of varying importance at one or other phase of tiie 
itogeny of the fruit. At the time of ripening the rospira- 
y drift once again goes up This is aa Blackman 
d Pan a sruppose due to the owenng of organisation 
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istance or the lowering of protoplasmic grip over the 
tabolie reactions. The same condition of things may be 
n in graph Ko. 9 where, instead of the initial data as in 
preTious case, the average values of the carbon dioxide 
1 disaccharide and monosaccharide contents of each 
leriment are plotted. 

'^aisaccharWe**^ respiratory drift. 

In the following graph (No, 10) the average COg 
ues and the mean ^^jaaccbande^ plotted, 

th the respiratory and ratio curves correspond with each 
.er— the latter like the former starting high gradually 
nes down and then ascends When respiration is high 

Graph hio. 10. 
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re of simpler sugars should be present than the higher 
3S and so the ratio is high in the beginning and towards 
ripening phase of the fruit- Between these two the 
TO vanes according as the respiration is high or ow 
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bUMMAR\ 

1. A study of the respimiioii and inonosaccharido and 
disaccharido contents of the fruit of Carica papaya from the 
immature green to the senescent phase has been undertaken 

2. The respiratory diift is high in the immature green 
stage, gradually falls during the mature green and rises 
again in the senescent phase 

3. The monosaccharide content is low in the beginning 
and rises gradually throughout the mature green and sene- 
scent phases. 

4. The disacchande content is very low at first, rises 
for sometime and then lemains constant. 

5- '-fhe ratio follows closely the respi- 

ratory drift. 

1 must thank Dr. Ranjan for liis kind help and 
criticism. 
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1. INTRODUCTION 

The present problem, suggested by Professor Bhatta- 
charya, was undertaken with a view to verify the obserTa- 
tions recorded on the same animal by Hogben (36), Y- Nath 
and P. Mohan (55), and to ascertain if the follicle cells 
contributed any of their G-olgi contents to the developing 
oocyte. 

The believers m the “Grolgi” infiltration theory, advocat- 
ed by Professor Bhattacfaarya and his pupils and Dr. Bram- 
bell, aim at bringing to light the fact that the egg receives a 
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fresh quota of GoJpi oleuicnts from the fol ic e ccl s in the 
manner described in this paper, and as in the case of the 
nutrient materials of Waldeyer (70) and Loyez (39), a 
possibly important physiological role is being played by 
these bodies dm mg the development of the egg. 

To elucidate the true nature of the cytoplasmic inclu- 
sions during oogenesis, Intra-Vitam observations by fresh 
cover-slips preparations were also resorted to and the results 
of the fixed preparations were confirmed by these Intra-Vitam 
observations. Both the methods having been tried, the 
confirmatory observations have been recorded here. The 
experiments have been carried out repeatedly and the 
figures that are given at the end of this paper represent 
typical appearances for each stage. 

Here I take the opportunity of expressing my deep 
sense of gratitude to Professor Bhatlacharya, under whose 
guidance this work was earned out, 

2 PREVIOUS WORK 

Hogben (’20) in his studies on synopsis (36) describes 
the formation of albuminous yolk in the oogenesis of 
Periplaneta amencana from nucleolar extrusions. He 
describes two kinds of nucleolar extrusions. In the oogonia 
the nucleolus is in the form of plasmosome which in early 
oocytes emits minute deeply staining particles in the 
cytoplasm which migrate to the periphery of the oocyte 
where they are either ejected or transformed into some 
material no longer distinguishable from the ground cytoplasm 
itself. When this has completely ceased, at a certain point 
which has a definite relation to the deposition of yolk 
the plasmosome loses its opacity and becomes vacuolated. 
At a later stage these vacuoles become granular and acquire 
a more chromatic form. The vacuolar bodies Withm the 
plasmosome are cast out and make their way through the 
nuc eo ar membrane to the periphery of the egg As these 
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intranucleolar bodies which may be termed deutosomes 
are discharged, new vacuoles appear within the plasmosomej 
until the deposition of yolk in the oenphery of the egg is 
nearing completion. Hogben has simply noted the presence 
of mitochondria without assigning to them any function 
So far as the Golgi bodies and their relation to the process 
of vitellogenesis are concerned he does not make even a 
passing mention about them. 

V, Islath and P. Mohan in their work on oogenesis of 
Periplaaeta americana (55) are in substantial agreement 
with the observations of Hogben so far as the nucleolai 
activity IS concerned. These workers like Hogben on); 
make mention of mitochondria and state that there is nothing 
interesting about mitochondria. Unlike Hogben they have 
studied the Golgi bodies and their relations to the process 
of vitellogenesis in the production of fatty yolk bodies- They 
have also described certain “ bactenoids” which always lie at 
the periphery of the egg. 

Very recently (Jam ’31) Gresaon has published a paper 
on yolk formation in Periplaaeta onentalis (32). In this 
work no mention of mitochondria is made at all. Golgi 
vesicles are said to give rise to fatty yolk bodies, and m nentral- 
red preparation during mtra-vitam observations are said to 
appear as non-stained vacuoles developing an osmiophilic 
urn on introducing a few drops of 2 per cent osmic acid 
under the cover slip. Albuminous yolk la said to arise from 
the nucleolar extrusions, two types of which have been 
described. The nucleoli of the early oocytes are said to be 
amphiphilic or slightly basophil giving out nncleolar extru- 
sions which are strongly basophil. These disappear, 
probably dissolve in the ooplasm. Their substance at a 
later stage probably contributes in some way towards yolk 
formation. The second type which appears later is also 
liasopbil- These become vacuolated and undergo fragmenta- 
tion to form sma dark granules T lese are disso ved in 
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tho pytoplaaui and their eul stanee la sd 1 to form c ear 
Tfesicles wliich increase greatly in size and form the albumi- 
nous yolk globules. 

Thus these observations are in general agreement ivith 
those of Hogben , V. I^ath and P. Mohan 011 Peripianota 
americana. Gresson, like Y. Nath and P. Mohan, further 
describes “ Eaoterioids ” in the ooplasm at the periphery 
of the older oocytes. Jle also states that the oocyLo nuclei, 
nucleoli, and nucleolar estrusiong are devoid of chromatin. 

3, MATERIAL AND TECHNIQUE 

The material foi the studv of the cytoplasmic inclusions 
in the oogenesis of Periplaneta americana Linn consisted 
of ovaries from young specimens. In tho female a pair of 
ovaries are situated in the hinder part of the abdomen below 
the intestine and embedded in fat and haemocoehc packing 
tissue lying on their surface. Each ovary consists of eight 
threads which show an anteriof tapering and beaded 
appearance due to a row of ova. Each bead contains one 
ovum. The eight threads of ovary are attached by means 
of a terminal hiament to the wall of the body cavity anterioi- 
ly. The size of the ovarian threads and the beads depends 
upon the maturity of the female. In a full grown female 
specimen they are of conspicuously large size greenish or 
biowmsh m appearance. 

The specimens were killed by severing tho head quicklv 
by means of a pair of scissors. Great care was taken 
to lose as little tune as possible between tho killing of the 
specimen and the subsequent fixing of tho ovaries, to avoid 
as far as possible any post-mortem changes. 

Nearly all the female specimens dissected m the Hist 
instalment in August and September were well grown 
mature females. As a result of this, early stages of eggs 
were difi&eult to get But the females from the second 
ineta mente m January possessed ovaries w uc 1 were not 
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in a very advanced stage of dPA'elopment, and aJJ the stages 
light down from the oogomal to the fairly advanced oocyte 
could easily be found. This iraylios that the months of 
September and October are the bieerlmg seasons of these 
animals. Satisfactory lesuits showing the early stas'es of 
the oogenesis were naturally obtained from the material 
obtained m winter. 

The following fixatives were used : 

For the demonstration of Golgi bodies— OaFano's cobalt 
nitrate formol method and Lndfoid’s latest method of t!u' 
modified Mann-Kopsch s corrosive osmic fixative, were fouiiii 
to be very satisfactory in bringing out the desired results. 

In silver fixatives both toned and untoned prepaiations 
were made- This process of toning winch consists in treating 
the sections with -I per cent gold chloride solution was intro- 
duced first by Golgi m 1908 In tins process tiie reduced 
silver is replaced by gold while the excess of unstable silvei 
still present in the sections is dissolved out. The slides aro 
then treated with 5 [ler cent sodium hyposulphite solution. 
This fixes the substituted gold, and dissolves out the remain- 
ing unstable silver The slides were stained with Iion- 
haematoxylin and Gatenby s safiamii (saturated solution of 
safianin in aniline water and m absolute alcohol in the 
ratio 1 1) and light green stains. 

In osmic fixatives both bleached and unbleached piepa- 
rations were made- The process of bleaching consists in 
oxidising sections to such a point that the general precipita- 
tion of osmic acid in the cytoplasmic back ground is removed 
Without serious loss of colour from the more blackened 
Golgi bodies. This process was first introduced by Yeratti 
in 1908. The bleaching was done by Hennoguy’s method 
by employing 1 per cent KMuO^. solution and tlie slides were 
then treated with 4 pei cent oxalic acid to remove all traces 
of oxidising reagent —KMn 04 - The sections wmre as usual 
Btained in Iron h itn atoxy m and C larapy Ki trip e stain 
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per cent acid Fucisin 25 j^er cent Toluidin b ue 
■5 per cent alcoholic Aurantia and absolute alcohol). 

For the demonstration of mitochondria modified 
formula of Champy-Nassanow, Regraud-Tupa’s fluid and 
Regaud’s formol bichromate method, were the processes 
employed. G-enerally speaking all of them were found 
to be very successful giving very satisfactory and con- 
vincing results. 

Charapy-Nassanow s method and Regaud-Tupa’s fluid, 
however, might specially be emphasised as giving excellent 
results. In Champy-Nassanow fluid both kinds of yolk 
bodies were very nicely fixed besides mitochondria. 

After Regaud’s fixation post-chroming is necessarj 
because by soaking tissues in KaCroO^ one produces 
stainable compounds of cell protein and lipoids 
which may not be easily dissolved out hy alcohols, and 
clearing oils. 

Bonin’s picro-forniol and Garnoy's fluid were employed 
to study and demonstrate the nucleolar extrusions. 

The sections were stained with Iron-haematoxylin and 
Mann’s methyl blue eosme. The latter stain proved success- 
ful in so far as it left the cytoplasm clear without bringing 
about its granular structure. 

All the stock solutions of the reagents were freshly 
prepared with scrupulous cleanliness and the fixatives were 
prepared only when needed 

For the Intra-Yitam examination neutral-red, Janus 
green B and 2 per cent osmic acid were employed. Neutral- 
red and Janus green B were freshly prepared 24 hours 
before use and kept for ripening at 35'’C. 

A few female specimens were fed with neutral-red 
mixed with cheese and also with some syrup placed on the 
slices of bread. Suoh specimens were found not to live 
long. The neutral-red feeding apparently seemed to have no 
effect on the ovaries 
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4 OBSFRVATIONS 

{A) Intra FUam BjzaTmnaiio i Ovanes 'were taken onl 
and placed m very dilute neutral-red solution (four drops of 
the stock solution added to 50 c.c. of physiological salt 
solution) for about 20 imnutes They were then examined 
under oil immersion lens and strong light In a young 
oocyte a patch of pmk-coloured body was observed near the 
nucleus (Fig 30, Y) This patch, it was observed, consisted 
of about five to six small separate vacuoles which apparent!} 
had run together These bodies were recognized as Parat’s 
vacuome or (xateuby’s vacuoles. In a slightly older ooctte 
two such smaller patches of vacuome -were observed. In 
young oocytes these pmk-colonred vacuome occupy a 
juxta-nucieaz position (Fig. 31, TNV) which in the fixed prepa- 
rations is occupied by the Grolgi bodies and mitochondria 
forming the yolk-nucleus of Balbiam. In the next stage 
the number of vacuome increased and discrete individual 
vacuome were also seen in addition to the big patches of 
vacuome. In later stages the number of vacuome increases 
and in the older oocytes they are found to be uniformly 
distributed (Fig. 32, Y, Y'}- In addition to these pmk-co!oui- 
ed vacuome some unstained refractoiy bodies were also 
found. These bodies, on the introduction of two per cent 
osmic acid under the cover slip, showed a black rim around 
a colourless core after about ten minutes (Fig. 33 FYB.) ; 
these were identified as the fatty yolk bodies. Distinct 
Golgi bodies also appeared in close proximity to the areas 
occupied by vacuome. The Golgi bodies had clearly vesicu- 
lar structure with osmiopMIic rim and central osmiophobic 
area. Some of the Golgi bodies were also orescent-shaped. 
I could not, somehow, meet with crescentic Golgi bodies in 
the fixed preparations. Neither Hogben, nor Y. Nath and 
P. Mohan, or Gresson has observed vacuome on staining 
the material with neutral-red. Moreover, the latter two 
observers have also not.seen crescentic Golgi bodies about 
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the evistcn o of w no loubt pkibIb in t le pr sent case 
According to Y Yath suoL crescentic forms are artifacts 
due to the inipiupcr osmic impregnation or optical sections 
But if this IS so, at no mue do the crescentic Ciolgi bodies 
disappear howsoever long ttie oemication is continued. 
Unlilre V Nath and P. Hilohan, I do not find Golgi bodice 
stained with neutrai-red. 

Fresh OYaries were also treated with two pei cent osrnic 
iwid only for about 50 minutes and were examined. Cres- 
teni-shaped and vesicular Cfolgi bodies appeared cleaily 
(Fig dd, C- Cr, B & V. (t B.). This confi lined the previous 
observations that tiie crescentic forms arc not the artifacts 
as a mattei' of partial impregnation but they do lealiy exist 
as such Fatty yolk bodies appealed as highly refractoiy 
bodies. The distribution of Orolgi bodies as seen in the 
Intra-Yuam observations further confiTnied my conclusions 
arrived at by the aid of fixed preparations. Their distribu- 
tion also agreed w'ltb the distribution of vacuome already 
stated Tina led me to the conclusion that the vacuome arc 
iDtunate associates of the Golgi elements. ThiBhaBbeen shown 
In (latenby (24) and others in a number of cases. In the 
oogoinal stages, which were observed in the terminal filameni 
of the ovarian thread two or three distinct Golgi granules 
were seen lying in the vicinity of the nucleus 

Fresh ovaries 'were also treated with Janus green B 
solution (4 drops of stock solution added to 50 e.c of 
physiological salt solution) for about 10 minutes to see 
mitochondria. They appeared as dust — like granules stained 
green (Fig. 35 Ai)- At the periphery of the oocyte and neai 
the nucleus, baton- shaped mitocliondria were also observed 
and pome of them were even seen breaking up into small 
granules to form fine dust like granular mitochondria of the 
advanced oocyte- None of the previous workers has made 
use of this vital dye for the demonstration of mitochondria 
r reason as las a ready I eon mentioned does not even 
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mention iiutochondria in his observations on tois animal. 

1 have not been able to see the breaking up of baton-shaped 
mitochondria in my hved preparations. In the same prepa- 
ration weie also obseived some refractory bodies These 
were identified as alhuramous yolk bodies which do not take 
either of the two vital dyes. Their distribution agreed with 
that observed in the fixed preparations. After about 20 
minutes, one striking thing attracted attention Some vesicular 
bodies began to appear in the same preparation in the places 
occupied by the Golgi bodies as seen in the fixed prepara- 
tions and by the Intia-Vitam examination of the oocytes in 

2 per cent osmic acid. These were recognised as the Golgi 
bodies (Fig. 36, G. B ) It is a well-known fact that Clolgi 
bodies come into view aftei prolonged treatment with Janus 
green B. Bactenoids were also noted in the fresh pie- 
parations. They are very numerous and are situated at the 
periphery of the ovum. 

(B) Fixed Preparations —Golgi Bodies ^ — In an oogonium 
there are seen in the BaFano preparations stained with 
safranin light green two or three granular Golgi bodies in 
the cytoplasm which is almost clear and homogeneous 
(Fig. 1, G.B.). At this stage the nucleus occupies almost the 
entire space of the oogonium. As tins oogonium develops to 
toim an early oocyte tlie. cytoplasm near thenuclens carrying 
the GoJgi bodies becomes dense and is differentiated into a 
juxta-nuclcar area called the “Tolk-imcleus of Balhiam*' or 
simply the “'Yolk-nncleus” of D’HoHander, Gatenby, Bhatta- 
charya, and others (Figs. .3 & 9, YN ). This dense area takes 
stain more readily standing m sharp contrast to the rest of 
the cytoplasm of the oocyte. In the subsequent stages it 
acts as a focus of growth and dispersal of the Golgi bodies. 
It is very difficult to make out the exact shape and natuie 
of the Golgi bodies in this area due to their being closely 
packed up and sometimes due to the extreme blackening 
by silver nitrate or osmic aoid impregnationB In a 
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B ig it y ddvaiiced oocyto (Pig 10) a pecu lar ind an unusua 
feature prosente itso f Hero two jaxta nuc ear aggregations 
of Golgi bodies lying on opposite sides may be seen. 
Whether both of these originate independently or the 
second is a part of the older specialised area (Yolk-nncleus) 
it IS difficult to say in the absence of any intermediate stages 
Biambell (12) in the fori has described several such areas 
in an oocyte of a sis weeks old chick and describes them as 
an abnoimal arrangement of the Golgi bodies. This peculiar 
ieature has also been observed in the oogenesis of Oalotes 
versicolar by Dntta and Aaana (16) in this Laboratoiy. 
This stage is followed by a dispersal stage when the Golgi 
bodies become irregularly distributed in the cytoplasm eithei 
singly or m patches (Figs- 4, 5, 11 & 12, G. B.). By now 
the process of fatty yolk formation is fairly advanced. By 
bleaching the slides carefully it is possible to distinguish 
between the fatty yolk and the Golgi bodies. It has been 
found that a regular process of infiltration of the Golgi 
bodies from the follicular epithelium cells to the cortical region 
of the oocyte has been going on (Pig. 13, INF). The Golgi 
bodies from the follicular epithelium cells are transported to 
the periphery of the oocyte. The cell membranes of the 
follicnlar cells are very fine and delicate and offer no great 
resistance to the Golgi bodies in their mhltering process. In 
this case, however, the process of infiltration does not take 
place through any special area such as canalicular process 
m the zona radiata as described by Bhattaciiarya (3), in 
tortoises and reptiles (6) and certain other animals (2) and 
by Dae in birds (18). The process is akin to that 
described by Brambeli (12) in Galius hankiva in wffiich 
case the infiltration takes place before the formation of 
“zona pellucida.'' 

The Goigi bodies settle down in the cortical region and 
form big lumps. Whether these lumps are the result of 
Golgi grannies running together due to the influence of the 
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fij'iUyeB or as a roBU t of their growth 1 am unable to tel 
These bodies, however, m good preparations give an idea 
that the former alternative is more probable. In the very 
advanced oocyte the G-olgi bodies are generally distiibuted 
almost uniformly all over the ooplasm (Figs. 6 & 12). Here 
the fatty yolk formation is at its zenith and the egg is full 
of fatty yolk bodies It appears that the majoiity of the 
dolgi bodies has been used up in the formation of fatty 
5 oik The remaining ones probably break up and become 
ultra-microscopic and appear to play no part in the subse- 
quent development of the oocyte. 

Mitochondria — In an oogonium in which nucleus 
occupies almost an entire area three or four mitochondrial 
granules are seen in the vicinity of the nucleus (Fig. 15, M). 
In an early oocyte the mitochondria appear to lie in the 
juxta-nuclear archoplasmic area ‘Fig. 16, Y.llT.), in the same 
manner as the Golgi bodies do. I am inclined to think 
that both of these cytoplasmic inclusions — Golgi bodies and 
mitochondria — in the early stage of the development of an 
oocyte occupy the same area known as the “idiosome,” 
or the “ Yolk-nucleus ot Balbiani,” or “ archoplasmic area,’* 
which functions as the focus of growth and dispersal foi 
the Golgi bodies as well as for the mitochondria. The 
idiosome area disappears and along with it the dispersal 
of mitochondria takes place. They become distributed in 
the ooplasm either singly or m patches forming mitochon- 
drial clouds (Figs. 19 & 23, M ). They have a pronounced 
tendency to become arranged in a fashion forming a nuclear 
cap (Figs. 17 & 24, N. C. M.). In addition to fine dnst-Iike 
granular mitochondria, baton-shaped mitochondria are also 
found m the cytoplasm (Fig 18, B. S. M). In tho highly 
advanced oocyte the mitochondria are distributed through- 
out the cytoplasm and patches of mitochondria aie 
distinctly visible (Pig. 25). The albuminous yolk bodies 
begin to make their appearance from the stage when the 
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mitochondria firn i nuo ear ca^ Somotiuies t le mitoch n 
Iria stem to run togot ler ■ind form a uinp or they n ay 
sv,e]l up iruliTiduahy (Figs 19 & 25, S. M) and. become trans- 
formed into yolk bodies. In a still later stage the nnto- 
ebondria! patches disappear and the mitocbondna are evenlv 
distributed througliout the ooplasm (Figs 18 & 25, M.), 

Nucleolar There aro no traces of the 

nucleolar extrusions— at least in the solid form. This is 
very clearly demonstrated by Bonin preparations stained 
bj Mann’s methyl blue eosme (Fig 29). As such they do 
not make any visible contribution towards vitellogenesis 
The same thing was further confirmed by examining tlie 
Cliampy-Xassanow prepaiations (Figs. 24-, 25, 26') Afatenal 
fixed in Oarnoy’s fluid also confirmed the same observations 
after staining by Mann’s methyl blue eosme (Fig. 14). The 
nucleus, however, besides a prominent nucleolus contains 
a number of small nucleoli and a certain amount of chroma- 
tin, but none of these is ever seen to come out of the 
nuclear membrane m the cytoplasm at anv stage of develop- 
ment of the oocyte. All these structures are stronglv 
chroinophiiic. The nucleolar extrusions in the liquid foim, 
may, however, exist- 

Yolh Bodies. — Two kinds of yolk bodies are diatincth 
visible — H) Fatty yolk bodies, (n) Albuminous yolk bodies 
The former are moi’e easily blackened by osinic acid and 
so also more readily bleached than the Golgi bodies. This 
fatty yolk of (tolgi origin can be distinguished from the 
ordinarv fat droplets which are easily extractable in tur- 
pentine whereas the fatty yolk bodies are more resistible. 
They leave behind them a dark run even after they have 
been completely bleached. This rmi is the remnant of the 
osmiophitic Golgi element. In the Lndford preparations 
the fatty yolk bodies are seen to make their appearance 
with the establishment of the yolk nucleus The dispersal 
of the Golgi bodies and their accumulation in patches in the 
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cytop asm aro accompanied by the fonrution of fatty yolk 
in these areas Witi the dispersal of the Golj?i bodies 
throughout the cytoplaam fatty yolk bodies appear to Bll up 
practically the entire cytoplasm (Figs. 4, 6, 11 & 12, F.T.B.). 
On close examination under the oil immersion lens it is 
found that these fatty yolk droplets undergo dexelopment 
in close association 'tvith the Grolgi bodies- It is, howexer, 
difficult to say "whether the Golgi bodies undergo direct 
transformation into fatty yolk bodies by drawing in the 
necessary requisites for their growth from the surrounding 
cytoplasm or whether in some indirect way they contribute 
towards the formation of these fatty yolk bodies. The fact 
that the G olgi bodies are solely responsible for the formation 
of “fatty droplets (Ludford) or “ fatty yolk” (Gatenby, Y. 
Nath, and Bhattacharya) is borne out by the facts (i) that 
they (fatty yolk bodies) begin to make their appearance 
pan passu with the growth and dispersal of the Golgi bodies 
from the idiosome area, and (ii) that the Golgi bodies dis- 
appear from the view as the fatty yolk bodies are being 
fully formed. 

Albuminous yolk bodies are apparently few They 
make their appearance at a stage when the yolk-nucleus 
of Balbiam disappears and the fatty yolk is fairly well 
established I could make out two methods of the formation 
of Albuminous yolk — ( j) A process of direct metamorphosis 
of the mitochondria. In this case the granular mitochon- 
dria swell up in size by the absorption of the necessary 
materials from the cytoplasm (Figs. 18, 19, 25, 8.M.) ana 
ultimately give rise to the albuminous yolk spheres (Figs. 19, 
25, A.B.y.). (ii) A process lu which a mitoehondrmm 
swells up to a larger size than its normal one and is encircled 
by a vesicle arising in the cytoplasm. Growth proceeds 
inside the vesicle in the usual manner by the absorptior 
of necessary material from the cytoplasm (Fig- 25, A.B.Y.) 
The yolk body thus formed seems to lie in a sort of vacuole 
F 1? 
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I coxJd not Bee anv trace of eytop aeniic yolk formation 
under the influence of mitochondria which has been de- 
scribed by Bhattaoharya and Lall (3), and Bhattacharya and 
Mathur (4). The former authors state that when fully 
formed there is no way of distinguishing between the 
mitochondrial yolk and the cytoplasmic yolk as both of these 
follow the same fixing and staining reactions. Thus the 
only criterion to determine the presence of cytoplasmic 
yolk would be the formation of yolk vesicle under the 
influence of the smaller granular mitochondria which would 
surround such a vesicle and in the middle of which yolk 
would be deposited. In the absence of such definitive 
stages in my preparations it becomes difficult to distinguish 
clearly between the albuminous yolk of mitochondrial 
origin and that of the cytoplasmic origin. 

(C) Centrifuged Material— The ovaries of cockroach 
were centrifuged in the physiological salt solution immedia- 
tely after being removed from the body of the animal. 
Curiously enough in this animal centrifuging for three 
hours at the rate of 3,000 revolutions per minute had no 
effect at all on the disposition of the cytoplasmic inclusions. 
The centrifuging was, therefore, prolonged to five hours in 
another experiment working at the velocity of 3,000 revolu- 
tions per minute. Here also, though the cytoplasmic inclu- 
sions were affected by the centrifugal force, the results 
obtained were not ideal. The centrifuged material [after 
five hours’ treatment was fixed in DaFano and Champy- 
Nassanow fluids. The usual technique was followed. 
Figure 27 shows the G-olgi bodies accumulated at one pole, 
and a few of them distributed at the periphery of the 
oocyte. The mitochondria are accumulated at the opposite 
—the inner or centripetal — pole of the oocyte with clouds 
forming a perinuclear ring of mitochondria. The nucleus 
migrates more to the centrifugal or outer pole from the 
centre of the oocyte. In the Chamy preparation of the 
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same material (Fig. 28} the aJbaminous yolk bodies occupy 
the outer or centrifugal pole. Below these are seen fatty 
yolk bodies. Tlien. there is the nucleus and mitochondria 
all accumulated to the centripetal pole. The (joigi bodies 
are distributed at random bef-ween the yolk bodies ot 
both the types. 

Lyon (43) m 1907 and his successors found that when 
the animal eggs are centrifuged the cytoplasmic inclusions 
are dislocated and are grouped in parallel strata at right 
ang-les to the direction of force. The nuruber and relative 
bulk of these strata vary considerably with the nature of 
the cytoplasmic components, (denerally, there are three or 
four such strata Their order of succession being, of course, 
determined by their specific gravity. In general, the yolk 
granules — the heaviest of the inclusions— collect at the outer 
or centrifugal pole, fatty substances apparently including 
many of the mitochondria at the inner or centripetal pole, 
while the main bulk of clear substance largely hyaloplasm 
forms a central zone in which lies the nucleus. 

5. DfSCUSSIOiV 

Bodieis. —The earliest stage of egg contained two 
or three granular Golgi bodies* These Golgi bodies at this 
stage are so minute that it is really very difficult to make 
out their exact morphology. But on a very careful examiua- 
tion they can be made out as being vesicular bodies having 
a chromophilic nm and a hollow chromophobxe area- 
Gatenby (’19) was the first to show the complex nature of 
Golgi dictyosome composed of chromophilic and ohromopbo- 
bic areas (26). The Golgi bodies having such structure 
have been described in a number of vertebrate and inver- 
tebrate animals by various observers such as Y. l^ath in 
Pheritima (ol), Leech, Culex (50), bpider (49), by Y. Hath 
and Mehta in Luoiola (54), by Y. Hath and P. Mohan in 
cockroach (55)- 5y Gresson in certain saw-flies of the family 
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tenthndmirlte (31), aud cockroach (32), by Sbarga in earth- 
worm (66), by Eai in Oyster (65), by Hill in Dephnia. In 
vertebrates the vesicular nature of the Golgi bodies has 
been described by P. R, Bhattacharya m fishes (7), and 
house Geko (8), by Prof. Bhattacharya in reptiles (6), and 
uromastrk, by Datta and Asana in Calotes (16), by 
Bhattacharya and Lai in tortoises (3), and by Dr. Das in 
pigeon (18). 

Various forms such as rod-shaped granules (Brambell), 
curved rods (Ludford), crescentic forms (Lepidosoine of 
Parat and Dictyosome of Gatenby) and a number of others 
have been attributed to the Golgi bodies 

Originally Camillo Golgi described the apparatus that 
goes after his name as the “Apparato reticolare interno” 
meaning thereby that it has a retionlar structure. Harvey 
and V Hath have criticised all these forms as artifacts 
resulting by one of the following reasons. The curved rods 
or baton-shaped may either represent optical sections of 
spheres, or may possibly be due to the incomplete impregna- 
tion of the rim of Golgi vesicles. Granules have widely 
been accepted as resulting from the excessive osmieation 
or silver impregnation. Whatever their form the Golgi 
bodies ultimately form vacuolar structures or become 
associated with such structures. It has been clearly demons- 
tiated that rod-shaped Golgi granules in Helix (Brambell 
11) are metamorphosed directly into vacuoles containing fat. 
Thus a rod-shaped granule is apparently converted into a 
vacuole. Curved Golgi rods in Patella (Ludford 40) are 
said to give rise to vacuoles from their archoplasm which 
soon break on the completion of the metamorphosis of the 
archoplasm into a vacuole And sometimes the curved 
Golgi rods are also directly metamorphosed into yolk 
vacuoles. Moreover, Gatenby in his work on the Golgi 
apparatus aud vacuolar system of Cavia, Helix, Abraxas, 
ly Intra Vital methods (34) euggests that the differences in 
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the production of vacuoles by Go gi bodies are on y apparent 
and hence unreal. For in conclusion he also states that 
there exists m the animal cells a vacuole or a system 
of vacuoles primitively associated with and probably 
produced by the arcjentophil cortex of the Golgi appara- 
tus. In the egg the vacuoles are closely rekted to 
the chromophilic substance of the Golgi apparatus which 
condenses in them small substances such as fat, lipin and 
zymogen (m glands). Such vesicular Golgi bodies would 
according to Parat correspond with his vacuome and the 
intenselv osmicated or argentophil portion which would 
sometimes form the crescent-shaped Golgi body — dictyosome 
— would correspond with his Lepidosome — modified mito- 
chondria. I have no doubt, however, that these forms are 
true Golgi bodies. At least so far as this animal is 
concerned it is difficult to maintain Parat’s statement 
that the dictyosomes are the modified mitochondria, i-e., 
Lepidosoines, as all the tests that are applicable to the 
Golgi bodies have been used with success in this case. 

Subsequently the Golgi vesicles grow in number and 
size and begin to distribute. My observations differ from 
those of y. Nath and P. Mohan in Periplaneta araericana so 
far as the distribution phases of the Golgi bodies are concern- 
ed- They observe three phases in the distribution — (d cir- 
cumnuclear ring, (ii) peripheral arrangement, (iii) uniform 
distribution They also differed from Gresson (32) who 
agrees with the former workers in all essentials about the 
distribution of the Goigi bodies. I do not see these succes- 
sive stages distinctly. After the breaking up of the yolk- 
nuclens of Balbiani, which has not even been mentioned 
either by Y. Nath and P. Mohan (55) or by Gresson (32), 
the Golgi bodies begin to distribute without any ciroum- 
nuclear or peripheral migrations- They do not also distribute 
uniformly until the very advanced oocyte stage is reached 
in which the whole of the oocyte is packed full of yolk bodies 
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(Pige band FYE) eav ng on y a fpw (to gi bod s 
bore and there These may be said to be uniformly dis- 
tributed otherwise their distribution in the oocyte is in 
groups and these form the (xolgi patches. This distribution 
in patches is noteworthy and as such there should be some 
hesitation m attributing to them straight on a nmfoim 
dispersal. 

During the development of the oocyte the follicular 
epithelium plays an important part at a certain stage, which 
has escaped the attention of the previous workers — V. ISfath, 
P. Mohan and Gresson. A process of emigration of Golgi 
bodies from the follicular epithelium to the egg can be readily 
made out (Fig. 13, INF). The Golgi bodies do not pass 
through any definite passage as has been described by 
Hhattacharya (6) ; and Dr. Das (18) ; but in a haphazard 
inaunGr described by Brambeli (12). As I have worked 
with -a large number of ovaries repeatedly I presume that 
the chances of artifacts are totally eliminated. Since these 
granules are indistinguishable from the original Golgi bodies 
of the oocyte and since they react to the fixatives in the 
same way as the Golgi bodies do inside the oocyte I infer 
that they must be identical bodies. What role these extia- 
iieous Golgi bodies might play in the physiological develop- 
ment of the egg I am unable to say at present. 

The idea that granules could pass from the follicular 
epithelmm into yolk of the egg is not a new one. Waldeyer 
(70) and Loyez (39) and a number of other authors admitted 
that giauules pass from the follicular cells to the egg. Loyez 
states that the role of the large follicle cells in reptiles is 
to provide substances for the yolk formation to the egg, 
and that these substances that pass by way of canaheuli 
like prolongations may be fluids, semi-fluids, or granules. 
Thus the idea that Golgi bodies are extruded in the same way 
into the egg could easily bo believed Bhattacharya ( 25) was 
the first to show that snch a phenomenon actna y exists b) 
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Brambell (12) mentions that the apparatus in t le 
fol icu ar cells divides into two only one-ha f being' extruded 
into the oocyte. Whereas I End that fairly large numbei 
of granules assemble at the bases of the cells at a stage 
preparatory to their infiltration through the rnembrane 
This is the period of intensive activity in the follicular 
epithelium layer of cells. The Golgi bodies now extrude 
fjom the cells of the follicular epithelium and are deposited 
in the cortical region of the oocyte. To my knowledge no 
infiltration of the Golgi bodies from the follicular epithelium 
cells has been so far described in invertebrates and as such 
it needs more critical study than I have been able to pursue 

The Golgi bodies in the subsequent development grov 
in size and give rise to fatty yolk. It is not possible to say 
at what stage of swelling and deposition of fat inside their 
interior the Golgi vesicles should, be called fatty yolk bodies 
In the Ludford preparation treated with turpentine {foi 
18 hours), which dissolves fatty yolk, the egg appears frothy 
due to the empty yolk vacuoles. The non-fatty Golgi vesicles 
ivhich appear as solid spheres before now appear distinctly 
hollow' w'ith the characteiistic osmiophilic rim and the central 
osmiophobic area. Bomn preparations (Tig. 29) also sho'W' the 
frothy appearance of the advanced oocyte due to the fatty 
contents being washed out by the acetic acid of the fixative. 

In the oocytes centrifuged for five hours at 3,000 revo- 
lutions per minute the Golgi bodies occupy the upper or 
centrifugal pole and a few of them are also distributed at 
the periphery of the oocyte (Fig. 27, G . B.). It appears from 
this that the assortment of the Golgi bodies has taken 
place in two directions— (i) in the centrifugal, and {%%) in the 
peripheral diiection. 

In the intra-vitani examination unlike all the previous 
woi'kers I find Golgi vesicles in the oocytes treated with 
Janus green B for about 20 minutes- I also find crescent- 
shaped Go‘gi vesicles in the intra-vitam observationfl which 
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I con d not somehow meet wjth m the hxed prepaTatioiiH 
My intra Titam observations differ from those of Y 
and P. Mohan, and are in agreement with those of Gresson 
so far as I do not see Golgi bodies stained with neutral-red. 

Wilson has stated that in the ova of certain Hymenop- 
teia (ants), Orthoptera (cockroaches) and Lepidopteia 
there are rod-like and rounded bodies, sometimes present 
in great number, dividing by fission, and variously known 
as “ baeterioids ” or “intracellular symbionts.” .Blochmann 
(’84, '87) who first observed these baoterioid forms in Blatta 
and Periplaneta found that in their earlier stages the 
oocytes are free from these bodies but are later infected 
with them from the surrounding cells. Lately these have 
also been isolated and cultivated by Glaser (’30) who states 
that the penetration of the egg by these bacterioids occurs 
after ovipositioa (30). Y. Nath and P. Mohan and Gresson 
have found these forms always lying at the periphery of 
the egg which according to the former set of observers 
obscure in sections the inner membrane of the follicular 
epithelium. I have also noted the presence of these bac- 
terioids lying at the periphery of an ovum in large numbers 
arranged in a regular manner. 

Mitochondria . — Broadly speaking mitochondria are 
generally described as wesicular, baton-shaped, cup-shaped, 
filamentar or thread-like. Prominently hollow vesicular 
mitochondria have been described in male germ cells 
of scorpion by Y. Nath (46). Marked difference in 
the 8126 and the shape of mitochondria of male and female 
germ cells has been observed by Gatenby in Paludina 
vivipara. Filamentar mitochondria have been described in 
Erays lutaria by Bulliard; Bhattacharya and Lai (3) in 
tortoises; Bhattacharya and Matbur (4) in Pila globosa. 
In Golnmba intermedia cup-like dense clouds of mitochondria 
have been described by Dr. Das (18). P- E. Bhattacharya 
describes baton-shaped mitochondria in bouse Gecko (8). 
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The tenn raitochondna was mTcnted by Bentla and 
the granules now designated by this name were by ear ler 
observers described as “ microsomes.” Benda applied this 
term to the granules in the sperm forming cells that weie 
long ago described as “ cytomicrosoraes " by La Yalette 
St. Greorges {'86). 

In the animal under observation I find spherical gran- 
ules of mitochondria, rarely baton-shaped. They are very 
fine dust-like granules far less numerous in early stages 
In a little later stage they increase in number and foiin 
mitochondria] cloud of yolk-nncleus in the juxta-nuclear 
archoplasmic or idiozomic area (Fig. 16, Y-N.). In an 
advanced oocyte they form a cap-like investment (Fig. 17, 
N. C. M ) at one pole of the nucleus This is succeeded by a 
stage in a fairly advanced oocyte in which the mitocliondiia 
disperse and become distributedin patches {Figs. 19 & 23, M.j. 
I have not been able to find a perinuclear ring of mitochondria 
described liy T. Nath and P. Mohan (55) in Penplaneta 
americana. Gresson does not even make mention of these 
bodies. Bhattacharya in reptiles and Brambeli in fowl have 
described a very striking perinuclear ring and medullary zone 
of mitochondria respectively. None of these stages I have 
been able to find in this animal. In an advanced oocyte 
mitochondria become very numerous, certainly by multiply- 
ing in some way or other which I have not been able to see 
IE the fixed preparation. The growth of mitochondria from 
a very small granule to a fairly large swollen body is easy 
to follow with all the intermediate stages that are available. 
The mitochondria of the advanced oocytes ultimately 
metamorphose into the mitochondrial yolk bodies. 

In the centrifuged egg (Figs. 27 & 28, M.) mitochondria 
are always seen to occnpy the lower or centripetal pole with 
clouds forming a perinuclear ring of mitochondria. 

In the intra-vitam observation they are stained brilliantly 
green by Janus green B diluted as already stated. All the 
P H 
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stages of diflperaal that are observed in the fixed proparationa 
are conbrined by the mtra vitam observationB. None of 
the previous workers has attempted to observe mitochondria 
by intra-vitam examination. 

My observations so far as the mitochondria in the 
oogenesis of this animal are concerned differ from those 

of V. Nath and P. Mohan in several matters of detail. 

These workers considered them as being of no particular 
interest. Whereas the fact that they definitely give rise 
to albuminous yolk makes them a very prominent 

and important cytoplasmic inclusion. In spider Y. Nath (49) 
has described mitochondria ^s taking a fine red stain 
after treatment with neutral-red. I have great doubt 
if the neutral-red which is specific for vacuorae only 
m an intra-vitani examination would stain anything but 
vacuome. The probabilities are that he might have 

confused neutral-red precipitations with the mitochondrial 
granules. 

Nucleolar Extrusions . — Hogben (36); Y. Nath and P. 
Mohan (55) and Gresson (32) working on Periplaneta 
amerieana and P. Orientalis respectively have laid great 
stress on the existence of the nucleolar extrusions and their 
relation to the formation of albuminous yolk during the 
vitellogenesis. The account given by these authors is no doubt 
very interesting. They describe two successions in the nucleo- 
lar extrusions. The products of the first activity, they 
state, disappear and are absorbed, in the ground cytoplasm. 
The products of the second series of activity are of funda- 
mental importance as they contribute towards the formation 
of albuminous yolk. The chromatic nucleus loses its 
opacity and develops vacuoles inside it, and gives rise to 
extrusions. These extrusions pass out through the nuclear 
membrane in the ooplasm and again become vacuolated in 
their turn like the mother nucleolus. These later on increase 
in number by breaking up and give rise to a third and final 
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senes of bodies aimi ar to them m all respects These fiua 
extrusions are responsible for the production of albammons 
yolk. These bodies, according to them, migrate to the 
periphery of the egg. This migration is due, according to 
V. Nath and P. Mohan, to the fact that the nutrient fluids 
flow to the egg from outside through the follicular epithelium 
cells and thus the periphery of the egg is, therefore, the 
moat favourable place where the nucleolar extrusions can 
grow. These extrusions are directly metamorphosed into 
albuminous yolk bodies. This is in short the whole history 
of the nucleolar extrusions and their ultimate fate in the 
production of albuminous yolk described by the previous 
workers. G-resson has studied the phenomenon in greater 
detail ; in addition be has also studied the colour reactions 
of the nucleolar extrusions. 

My material in spite of repeated experiments and obser- 
vations failed to show any nucleolar extrusions. I made a 
very thorough search to see anything like that described by 
the previous workers, but al! to no purpose. I find no 
evidence of nucleolar extrusions through the nuclear mem- 
brane. Figures 14, 26 and 29 will show that there are a few 
more bodies in the karyoplasm besides the nucleolus. But 
none of these is ever seen to come out as extrusions through 
the nuclear membrane. Bonin preparations stained with 
Iron-baematoxyhn show very clearly gramilar nature of 
cytoplasm. To avoid every possibility of confusion between 
the granular cytoplasm and the nucleolar extrusions, if 
there be any, I stained Bonin preparations with Mann’s 
methyl blue eosine only (Fig. 29) which did not bring out 
the cytoplasm as a granular ground substance but showed 
its more or less homogeneous structure with a beautifully 
stained nucleus and nucleoli. I failed to find any nucleolar 
extrusions even with this method. In order to confirm my 
results further I finally used Carnoy s fluid and stained the 
preparations with Mann’s methyl blue eosine (Fig. 14) but 
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the roBU t was agam the earn e I want tiereforc to state 
that ray observations fundamentally differ from those of the 
previous workers in this respect I have come to the con- 
clusion that there are no nucleolar extrusions in this animal 
at least in the solid form. If tliere be any they might be m 
the liquid form or highly granular. 

V, IN'ath has described the nucleolar extrusions giving 
use to albuminous yolk m a number of other animals such as 
Euscorpius, Buthus (46), Luciola [V. Nath and Mehta (54)] ; 
Lithobius by V Nath and by King , in Scolopendra [V. Nath 
and Husain (53)]. Gateuby (’22) was the first to show 
clearly the exact relationship bet’ween the nucleolus and the 
process of vitellogenesis in the case of Saococirrus (22). 
In this form he demonstrated the origin of albuminous 
yolk from, the nueloolai* extrusions directly. Nucleolar 
extrusions have been described in the case of Patella 
(Ludford 40), Limnoea, Helix and Patella (Gatenby and 
his pupils) ; tortoises (3), and molluscs (4) (Bhattacharya 
and his pupils) and in certain saw-flies of the family Ten- 
thridinidm by Gresson (31) they have also been described to 
give nee to fatty yolk bodies in Loris fN- Rao, 71). 

Yolh Bodies — Brarabell has described four kinds of 
yolk bodies in oogenesis. He calls them — {t) Golgi yolk, 
(u) mitochondrial yolk, {in) cytoplasmic yolk, and (iv) the 
yolk formed bv the nucleolar extrusions- These four kinds 
of yolk bodies may be classed into two groups according to 
their chemical natuie, (i) those formed by Golgi bodies, and 
generally accepted as fatty yolk bodies, and those formed 
by mitochondria, cytoplasm, nucleolar extrusions or some- 
times even by Golgi bodies and generally regarded as 
albuminous or proteid yolk bodies. Gatenby and T. Nath 
gave out for the first time the suggestion that there are 
essentially two kinds of yolk bodies in the oogenesis 
(t) fatty yolk bodies, and (ii) albuminous yolk bodies* Later 
on Y Nath in a series of papers has been eraphasiHmg tho 
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fact that the fatty yolk bodies are essentially the prodacts 
of the activity of Golffi bodies donvod from t om directly 
or indirectly. Instances are not wanting where the fatty 
yolk is formed from the direct or indirect actiYity of the 
Golgi bodies, eg.^ Gatenby has described the same thing 
in Saccocirrus (22), V. Nath and King in Lithobius ; 
V. Nath in Julus, Palamnoeus (46); Gulex (50); Spider (49) ; 
Luciola (54); Gresson in P. Orientalis (32); Brambell in 
Helix and Patella (11) , Hirschler in Ciona and Bhattacharya 
and Parat in Ciona intestinalis (63) ; King in Oniscus asellus 
(38) and. by Hibbard in Discoglossus (35). A number of 
other workers in different animals baxe described similar 
results. The idea is not a new one, for both Gatenby and 
Ludford had described previously the formation of yolk of a 
fatty nature from Golgi bodies. The same thing has also 
been described in this Laboratory by Dr Das (18), 
Bhattacharya and his pupils (3 and 4), Dutta and Asana 
(16). I have also found the same thing m the present 
work. Gatenby, Woodger, Ludford and Brambell have 
described in Patella the indirect origin of fatty yolk from 
the Golgi bodies. The difference in the origin of fatty yolk 
does not in any way detract from the work of Gatenby and 
hiB pupils, who showed for the first time, that the Golgi 
elements play some part in vitellogenesis. Gatenby himself 
pointed out that re-investigation of this form (Patella) in 
view of Parat’s claim might yield interesting results 

In the present case ray observations are in complete 
agreement with those of Y Nath and P. Mohan on Peri- 
planeta americana and Gresson on P. orientalis bo far as 
the origin and natuie of the fatty yolk are concerned. 
I believe that the Golgi vesicles grow m size and 
deposit fat in their osmiophobic vesicles. It is difficult 
to say exactly at what stage the swollen Golgi vesicles 
should he called fatty yolk spheres. These bodies in 
an advanced oocyte if decolourised in turpentine appear as 
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c ear vacuoles leaving behind them a fine black nm Xhe 
Golgi vesicles, however, resist the action of turpentine and 
it is the core only which can be bleached ont. The fact 
that fatty yolk bodies cannot be mistaken for fat vacuoles is 
proved thus : (*) that they are not easily decolourised iu 
turpentine as fat vacuoles generally are, and (it) when they 
are decolourised they appear still to leave a fine black rim 
which is reminiscent of their Golgi oiigin. 

In the centrifuged egg (Fig. 28, F.Y.B.) the fatty yolk 
occupies the centrifugal pole below the strata of albuminous 
yolk bodies which forms the first and an outermost strata* 
In between these fatty yolk bodies are scattered Golgi bodies 
in different stages of their development. 

In the intra-vitam observations fatty \oIk bodies arc 
seen as highly refractory bodies in the neutrahred prepara- 
tions, with their rim deep black and the interior core rather 
greyish in iwm per cent osmic acid preparations. 

So far as the formation of the albuminous yolk is 
concerned my observations differ from those of all the 
previous workers on cockroach in every minute detail. 
They attribute the origin of albuminous yolk to the nucleolar 
extrusions which are directly transformed into albuminous 
yolk bodies. I find that the albuminous yolk in this animal, 
in view of the total absence of nucleolar extrusions, is 
entirely derived from the mitochondria. There arc, in my 
opinion, two ways by which the albuminous yolk appears. 
In one ease the mitochondria grow in size (Figs. 18, 19, 25, 
S. M.l either singly or in an aggregate* They swell up to 
form pretty big masses which get directly metamorphosed 
into the albuminous yolk bodies (Figs. 19, 23, 25^ A.B.X). 
In the second case, a vesicle in the cytoplasm gets formed 
and at the centre of this vesicle is lodged a single mito- 
chondrium or a number of snob very fine duet-like bodies 
(Fig. 25, A.B.Y.) which grow in size by swelling and elabo- 
rate the yo k matena inside the vacuo e. But this is very 
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rare More g’enerally the a bummous yo k la formed by 
the direct metamorphosis of the swollen mitochondria The 
preyious workers on cockroach are of the opinion that 
mitochondria do not at all play any r6Ie in the oogenesis 
much less in the elaboration of the albuminoua yolk. 

In the centrifuged material (Fig. 28, A.Y.B.) the 
albuminous yolk bodies occupy the extreme periphery of the 
centrifugal pole. In the intra-vitain examination they 
appear as solid refractory bodies in the material treated with 
Janus green B. 

In this Laboratory, mitochondrial origin of albuminous 
yolk has been described by Bhattacharya and Lai (3) in 
tortoises; Bhattacharya and Mathnr (4) in Pila globoso, 
Butta and Asana (16) in Calotes, and by Das (18) in birds- 
Elsewhere the same thing has been described by Brambell 
(12) in fowl ; by King (38) in Oniscus asellus ; by Hirschler 
m Ciona ; by Parat and Bhattacharya (63). In certain 
cases the origin of albuminous yolk is attributed neither to 
mitochondria nor to the nucleolar extrusions. In such eases 
it IS said to be elaborated by cytoplasm. Such cases have 
been described by Ludford (40) ; Y. Nath (49) ; by Gatenby 
and his pupils in Limnoea, Helix and Patella. Harvey in 
Carcinus (34) and Hibbard in the vertebrate Pygosteus and 
Discoglossus have described the origin of albuminons yoik 
from the Golgi bodies. In the latter two oases such Golgi 
vacuoles are described by Hibbard to be stainable with the 
neutral-red. Such Golgi bodies if compared with those that 
are not stained by the neutral-red and which give rise to 
fatty yolk, suggest that there might be some chemical 
difference in the nature of these two types of Golgi bodies, 

6. SUMMARY 

1. The oogenesis of the Periplaneta amerieana has been 
studied both by intra-vitam examination and fixed prepara- 
tions 
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2 In the oocytes treated with dilute neutral red for 
about 20 minutes the yacuome is tinged red and gradually 
becomes prominent. 

In the earliest oocytes there are one or two patches of 
vacuome consisting of about 5 or 6 discrete vaonome. With 
the growth of the oocyte these patches increase in number 
and are uniformly distributed throughout the oocyte In the 
advanced oocyte separate discrete vacuome are also clearlj 
visible among the large and prominent patches of vacuome. 

3. The G-olgi vacuoles are not stained by neutral- 
red and appear as refractory bodies which on the introdnction 
of 2 per cent osmic acid under the cover slip clearly show 
the osmiophiiic rim around a colourless core. 

4. In the oocyte treated only with 2 per cent osmic 
acid for about 20 minutes the vesicular G-olgi bodies with 
chromophihc nm and chromophobic core are clearly seen. 
There are also some crescent-shaped Oolgi bodies. 

In the youngest oocyte the G-olgi bodies aggregate in a 
juxta-nuclear position forming yollr-nncleus of Balbiani. Prom 
now onwards they distribute in cytoplasm m patches. 

5. With the growth of the oocyte the Golgi bodies 
grow m size and begin to deposit fat in their central core, 
and become converted into fatty yolk bodies. 

Precisely similar stages of the Golgi bodies were 
observed in the fixed preparations. 

6. Golgi bodies are also derived from the follicular 
epithelium cells of the oocyte by a process known as the 
“infiltration of the Golgi bodies into the oocyte. 

7. In the oocytes treated with a dilute solution of 
Janus green B for about 10 minutes the mitochondria are 
seen as fine granular bodies. There are some baton- 
shaped mitochondria also, some of which may be seen 
breaking into granular mitochondria. 

In the youngest oocyte they are aggregated in the 
jQxta nuc ear position to form the yo k nuc bus of Ba biam 
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In adTanced oocytea they are distributed m [ atchea and 
ultimately they get evenly distributed in the eytoplaam as 
granular bodies. 

8. Mitochondria, like G-olgi bodies, swell up and direct- 
ly give rise to albuminous yolk which in the intra-vitam 
examination is seen to be less refractory than the fatty yolk 
bodies and is slightly tinged with Janus green B. 

Sometimes a single mitochondriam or a few granules 
are surrounded by a cytoplasmic vacuole where they grow in 
size by swelling and give rise to albuminous yolk. 

Precisely similar stages of mitochondria were observed 
in the fixed preparations. 

9. There is no evidence of nneleolar extrusions in the 
solid form. 

10. The presence of hacterioida was also noted both 
in fixed and fresh preparations. They are in a very large 
number arranged at the periphery of the ornm almost 
regularly. 

1 1. Centrifuge experiments gave the usual results. 

12. After a prolonged treatment of the fresh ovary 
with Janus green B (for over 20 minutes) Gtolgi bodies 
appear in the intra-vitam examination. 
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A. Y B 

Albuminous yolk body. 

B. S M 

Baton-shaped rmtochfindria. 

B S. M 1 
divi, J 

... Baton-shaped mitochondria dividing 

0. G B. 

Crescent-shaped Golgi hodv. 

E M 

.. Egg membrane. 

K E 

. Follicular epithelium. 

F Y. B 

Fatty yolk body 

F. Y. V. 

Fatty yolk vacuole. 

G. B. 

... Golgi body. 

G. Y. 

... Golgi yolk. 
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N Nuclei s 

N. C M . Mitoohoadnai uap of nuoieu'!. 

Nu. Nucleolus. 

S G B _ Swollen Golgi body 

S. M ... Swollen mitoohondn,). 

V ... Patch of ^acuome 

V'. Small discrel-e vaonomo 

Y. G. B Vesicular Golgi body 

Y. N. -. Yolk-nuoleus. 

Y. N V. ... Patch of Vacuome at the yolk-iuioieus. 

EXPLANATION OP PIOUllES 

{All the figures have been drawn with the hel'p of Camera lucida ) 

P'igs. 1 to 6, Da Fano. Safranin light green 
Pig 1 An oogonium showing three Golgi granules 
„ 2. An early oocyte showing Golgi granules- 
,, 3 An early oocyte showing cue yolk-nueleu.s of Balbiani. 

„ 4, An advanced oocyte showing the disti'ibur.ion of Golgi 
bodies and formation of fatty yolk bodies 
„ 5 An advanced oocyte, later stage, showing the distribu- 
tion of Golgi bodies in patches, the fatty contents of the 
Patty yolk vacuoles have dropped out. 

„ (>. Highly advanced oocyte packed full with yolk vacuola.s. 
The Golgi bodies are .scattered in between the yolk 
vacuoles. 

Pigs, 7 to 13 Ludford Charapy-Kuii. 

Fig, 7 An oogomum showing four Golgi granules. 

8. An early oocyte showing Golgi granules 
I, 9 An early oocyte showing the yolk-nucleus of Balbiam 
10 An advanced oocyte showing two juxta-miclear 
aggregations of Golgi bodies. 

„ 11. An advanced oocyte showing the distribution of 
vesicular and granular Golgi bodies in patches, and 
fatty yolk formation, 

,, 12. Highly advanced oocyte packed full with fatty yolk 
vacuoles Golgi bodies are scattered in between the 
yolk vacuoles. 

,, 13 A portion of the wall of an oocyie showing the infiltration 
of Golgi bodies (INP) through the folUoular epithelium 
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Fig 14 Carnoy Maan h raoCl yl b e A gro ip of 1 ree oocytes 
showing prominent nuclei and nuoleoli. The homogene- 
ous ground oylopk&m is represented by the grey back- 
ground of the paper. Theie are a lew more bodie.s bu- 
sides the proper nacleolus in the nuclei, none of these 
bodies 18 seen to come out ag the nucleolar extrusions 

Pigs. 15 to 19. Regaud. Iron-haematoxyhn 
Pig 15. An oogomutn showing two or three granular mitochondria 
,, 16. An early oocyte showing the juxta-nuclear arrangement 
of mitoohondria forming the yolk-nuoleus of Balbiam 
,j 17 An advanced oocyte showing the nuclear cap of mito- 
ohondna, N C M 

,, 18. An advanced oocyte showing the distribution of mitochon- 
diui, with a few balon-sJiaped and swollen mitoohondria 
B S. M.. S. M. 

„ 19 An advanced-oooyte, later stage, showing the distnbutton 
of mitochondria in patoims, and formation of albuminous 
yolk by tlie direot metamorphosis of the swollen 
mitochondria 

Ifigs 90 to 23. Regaud-Tupa Champy-Kull, 

Figs. 20 •) Early oocytes with granular mitochondria distributed 
,, 21 ^ in the ooplasm. 

22 ^ 

, 23. An advanced oocyte showing granular, swollen and 
baton-shaped mitochondria, and the formaiion of albu- 
minous yolk by the direct metamorphosis of the swollen 
mitochondria. 

Pigs 24 to 26. Champy-N'assanow Ohampy-Kull, 

Fig, 24. An oocyte with nuclear cap of mitochondria 
,, 25. An advanoed oocyte showing swollen mitochondria. 

At places the swollen mitochondria are surrounded by 
a cytoplasmic ve&iole in which they grow and meta- 
morphose into an albuminous yolk body. 

„ 26. A chain of five highly advanced oocytes showing 

albuminous yolk bodies at the periphery, mitoohondria 
are distributed m the ooplasm. There are also seen 
fatty yolk vacuoles 

Pig 27. DaPano safraum light green 

A centrifuged oocyte showing the upper layer of Golgi 
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bod es wh ch ire a s diatr 1 ted all ro nd the pen 
[ hery of the ooote Then there s a n olous w th n to 
(ihondnti forming a penmiolear ring the majority of 
vjhich are accumulated towards the centripetal pole. 
A few Golgi bodies are also seen among the mitochon- 
drial aggregation 

Pu'. 2H. Champy-Nassanow Champy Kull, 

A centrifuged oocyte showing the upper layer of albu- 
minous yolk bodies followed by layer of fatty yolk bodies, 
In between these aie scattered the Golgi bodies. 
Then there is a nucleus and below are mitochondria 
forming a triicleai cap 

Pig. 29. Bouin Mann’s methyl blue cosine v 

A group of four oocytes showing the granular cytoplasm 
with fatty yolk \aouoles. The contents of which ha\c 
been washed out In the nucleus there are a few more 
bodies besides the nucleolus, but none of these is seen 
coming out as nucleolar extrusions. 

Pig.s 80 to 38, Fresh oocytes treated with neutral-red for 
twenty mmutes. 

Fig 30. An early oocyte with a patch ot vacuome consisting of 
5 or 8 discrete vacuome 

, 31. The juxta-nuclear arrangement of vacuome 

,, 82. The distribution of vacuome patches and discrete 

vacuome Fatty yolk bodies are seen as refractory 
bodies non-stamed. 

„ 83, Showing the j elation of ihe Golgi iiodies with the 

vacuome The material is treated with 2 per cent osmio 
aCid after the neutral-ied trealment. Fatty yolk bodies 
develop the osmiophdic rim ot Golgi element Golgi 
bodies also make their appearance m close oonneotion 
with the vacuome 

F'lg. 84 Fresh oocyte treated only witii 2 per cent osmio acid for 
twenty minutes showing Granular, Vesicular and 
crescentic Golgi bodies distiibuted throughout the 
oocyte. The fatty yolk bodies are seen as highly 
refractory bodies with osraiophilio rim. 

Pig 35 Fresh oocyte treated with Janus greenB for ten minutes. 

Showmg granular and baton-shaped mitochondria The 
latter are also seen breaking The albuminous yolk 
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IxHl e'^ ar aren aa rerraoLory bodies eliphtly t ngfld 
with the 7an s green b 

Fig 36 'iMie same after twenty minutes. Showing Golgi bodies 
in addition to the previous inclusions 
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THE GOLGI BODIES IN THE ERYTHROCYTES 

OF FISHES 


BY 

D. R BHATT^OHARYA, D.Sc., Ph.D., P.Z.S,, 

AND 

S. P. BANBRJI, M,Sc , 

Zoology D&partment. University of Allahaiad 

' INTRODUCTION 

The occurrence of Golgi bodies in somatic and germ cells 
has become an established fact owing to the researches of 
cytologists during the last thirty years- In 1925, (l) the 
senior author (D. R. B.) and Brambell were able to demonstrate 
the occurrence of Golgi bodies in the erythrocytes of reptiles and 
birds. No further work of importance seems to have been 
done in this direction since then except by Dawson (5) who 
has studied the reaction of Amphibian erythrocytes to vital 
dyes. For throwing further light on the subject, a number of 
fishes of different species were examined by us and all possible 
precautionary measures were taken in order to avoid artifacts. 
The best results were obtained by Ludford’s modification of 
Mann-Kopsch technique (6). Da Fano’s silver method (5) was 
tried as well but due to poor fixation the results were not very 
satisfactory. In both cases it was noticed that Golgi bodies 
were present as discrete elements scattered in the cytoplasm of 
the erythrocytes of Ophiocephalus punctatus, which was 
studied in particular (Figs. 1—9). The Golgi bodies are 
spherical in shape and occasionally lie in a juxta-nuclear 
position (Figs. 1, 2, 4 and 9). In some red blood-cells they 
appear to be plastered, as it were, around the nuclear membrane. 
In all cases the Golgi bodies are very minute and granular in 
size and are visible only under vmy hi^ magnifications. 
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DlSCUSbTON 

Since the discovery ot Golgi apparatus by tJae Italian 
neurologist Golgi in 1898, this cell component hag been describ- 
ed in nearly all categories of cells Cowdry in 1914 (3) 
demonstrated the occurrence of mitochondria by vital staining 
methods but felt sceptic about the presence of Golgi bodies 
in erythrocytes. It was with a view to fill up this gap that 
Bhattacharya and Brambell described the presence of Golgi 
bodies in reptiles and birds and suggested that ‘‘ In view of the 
phylogenetic relationships existing between the Saraupsida 
and the other classes it seems probable that Golgi bodies will 
be found to occur not only in the nucleated red-blood corpuscles 
of the fishes and amphibians, but also in the non-nucleated 
red-blood corpuscles of the mammals, at least in some stages 
of their development.” The present work is intended to 
supplement the knowledge gained bj" the works of the above- 
mentioned authors. The fishes differ from the Saraupsida in 
that the Golgi bodies lie generally scattered throughout the 
cytoplasm in a diffused condition and in much larger numbers. 
The ground cytoplasm of the red blood-cell appears to be 
smooth and homogeneous as is also the case in reptiles and 
biids. Eegarding the structure of the Golgi bodies little can 
be said because of their extremely minute size. They appear 
to be spherical but the chromophobic core can hardly be dis- 
tinguished from the chromophdie cortex as is the case in many 
somatic and germ cells. That they ate not artifacts is de- 
monstrated by the fact that their presence was noted both by 
osmic and silver nihate techniques. The slides were toned, 
washed and bleached, as the case may be, for varying lengths 
of time The result in all cases was practically the same — thus 
proving without doubt that Golgi elements in granular form 
are present* in the erythrocytes of fishes either in a diffused 
condition throughout the cytoplasm or in a juxta-nuclear 
position as discrete elements or plastered around the nucleus 
m a permndear position 
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ADDENDUM 

Since going to the press, a eopy of a paper by A. B, Daw- 
son, on the reaction of erythrocytes to vital dyes has reached 
our hands. The author concerns himself mostly to an exa- 
mination of erythrocytes by vital staining methods and con- 
cludes that in vertebrate erythrocyte, the primary granules, 
the secondary granules and patterns of reticulum as revealed 
by vital dyes, are to be regarded as three separate entities 
which are not genetically related. Dornesco and Steopoe 
{8 and 9) carried on vital staining experiments on certain 
fishes and have tried to prove that Golgi elements and 
Yacuome are homologous &tructures in the erythrocytes of 
fishes. Our position remains unaltered, for we liold with 
Gatenby, Bowen and others that what is revealed with the aid 
of osmic acid and silver salts by the classical methods are 
Golgi bodies and that neutral red may be specific for what are 
called vacuome, but not for what are known as Golgi elements. 
The question of homology, therefore, does not seem to arise. 
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DESCRIPTION OF PLATE 1 

The figures were drawn with the help of Camera lucida, 
he its, under oil immersion lens. 

Figs 1 — 7 — Lodford’s Osmio Technique 

Fig 1 —Side view of a red blood cell of Ophiocephalus punota- 
tus showing a few Golgi bodies (GB) situated close 
to the nucleus. 

Fig. 2. — Same as figure 1. Surface view showing the perinu- 
clear arrangement of Golgi bodies. 

Pigs 3 & 4. — Surface view of erythrocytes In the latter 
the Golgi bodie.s are arranged in a juxta-nuclear 
position. 

Pig. 5. — Side view of red blood-cell showing Golgi bodies 
plastered round the nuolear wall. 

Pig. 6.— Surface view of Figure 6. 

Fig. 7. — Surface view of a red blood-oell showing Golgi bodies 
scattered throughout the cytoplasm. 

Pigs, 8 & 9.— Da Pane’s silver method. 

Surface view of two erythrocytes showing the Golgi granules 
situated close to the nucleus. 



